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1
METHOD FOR JOINING IMPLANTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 11/465,199 filed on Aug. 17, 2006 now U.S. Pat.
No. 7,854,750, which 1n turn 1s a continuation of U.S. patent
application Ser. No. 10/228,855 filed on Aug. 27, 2002 (now
U.S. Pat. No. 7,094,231). Prionity to both U.S. patent appli-
cation Ser. Nos. 11/465,199 and 10/228,855 1s claimed under
35 U.S.C. §120.

BACKGROUND

The present invention relates to a new and improved appa-
ratus and method which are used to secure a suture relative to
body tissue.

It has previously been suggested that a retainer may be
connected with a suture by applying energy to the retainer.
The energy effects a bonding of one portion of the retainer to
another portion of the retainer. It has previously been sug-
gested that a retainer could be connected with a suture 1n the
manner disclosed i Japanese laid-open Patent Application

No. 8-140,982 and 1n U.S. Pat. Nos. 6,010,525; 6,174,324
and 6,368,343.

SUMMARY OF THE INVENTION

The present invention relates to a new and improved appa-
ratus and method for use in securing a suture. The suture 1s
positioned relative to sections of an improved retainer. The
sections of the retainer are interconnected when the retainer
has been positioned relative to a patient’s body tissue. The
sections of the retainer may be bonded together by the appli-
cation of energy to the retainer by an improved applicator
assembly.

The improved retainer may have one or more projections
which engage one or more recesses to position the sections of
the retainer relative to each other. An interference fit may be
provided between one or more projections and one or more
recesses to hold the sections of the retainer 1n a desired spatial
relationship. The projections may have surfaces which at least
partially define one or more passages and guide movement of
one or more portions of the suture relative to the retainer. In
addition, the surfaces on the projections may function to
position the suture relative to the retainer.

The improved applicator assembly may be used to apply
energy to the retainer. Energy applied to the retainer may
elfect bonding of end portions of the projections to bottom
portions of recesses in the retainer. The end portions of the
projections may function as energy directors which concen-
trate energy. If desired, one or more loops may be formed in
the suture around one or more of the projections.

The applicator assembly may grip the retainer with a pre-
determined force. While the applicator assembly grips the
retainer, the applicator assembly may be utilized to slide the
retainer along the suture to position the retainer relative to
body tissue. While the applicator assembly 1s gripping the
retainer, the applicator assembly may apply energy to the
retainer to effect bonding of sections of the retainer together.
The applicator assembly may be used to move the retainer
into a cannula to engage tissue 1n a patient’s body.

The present invention includes a plurality of different fea-
tures which may be utilized 1n combination with each other or
separately. The various features of the invention may be used
in combination with features of the prior art. For example, the
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2

improved retainer may be used with the improved applicator
assembly or with a prior art applicator assembly. As another

example, the improved applicator assembly may be used with
the improved retainer or a prior art retainer. As still another
example, the retainer may be moved through a cannula to a
desired position relative to body tissue or may be positioned
relative to the body tissue without being moved through a
cannula.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the mmvention waill
become more apparent upon consideration of the following
description taken in connection with the accompanying draw-
ings wherein:

FIG. 1. 1s a fragmentary schematic 1llustration depicting,
the manner in which a suture and an improved retainer are
positioned relative to body tissue;

FIG. 2. 1s an enlarged schematic pictorial illustration of the
retainer of FIG. 1;

FIG. 3. 1s an exploded schematic pictorial illustration
depicting the construction of a base section and cover section
of the retainer of FIGS. 1 and 2:

FIG. 4. 1s an exploded schematic pictorial 1llustration, fur-
ther 1llustrating the construction of the base and cover sec-
tions of the retainer;

FIG. 5. 1s an exploded schematic pictorial illustration, fur-
ther 1llustrating the construction of the base and cover sec-
tions of the retainer;

FIG. 6. 1s an exploded schematic pictorial 1llustration fur-
ther 1llustrating the construction of the base and cover sec-
tions of the retainer;

FIG. 7. 1s a schematic sectional view depicting the rela-
tionship between the base and cover sections of the retainer of
FIGS. 1-6 with portions of the suture disposed in passages 1n
the retainer;

FIG. 8. 1s a schematic fragmentary sectional view, gener-
ally stmilar to FIG. 7, depicting the manner in which end
portions of projections on the cover section of the retainer are
bonded to bottom portions of recesses 1n the base section of
the retainer;

FIG. 9. 1s a highly schematized sectional view 1llustrating,
the construction of an improved applicator assembly which 1s
utilized to interconnect sections of the retainer of FIGS. 1-7 1in
the manner illustrated schematically i FIG. 8;

FI1G. 10. 1s a schematic pictorial 1llustration of one embodi-
ment of the applicator assembly of FIG. 9;

FIG. 11. 1s an enlarged fragmentary schematic pictorial
illustration of a portion of the applicator assembly of FIG. 10,
illustrating a trigger and spring housing;

FIG. 12. 1s an enlarged fragmentary schematic illustration
of an end portion of the applicator assembly of FIG. 10;

FIG. 13. 1s a schematic 1llustration depicting the manner 1n
which a suture may be looped around projections on the
retainer of FIGS. 1-8;

FIG. 14. 1s a schematic sectional view, generally similar to
FIG. 7 illustrating a second embodiment of the retainer;

FIG. 15. 1s a schematic 1llustration, taken generally along
the line of 15-15 of FIG. 14, 1llustrating a relationship of the
suture to a cover section of the retainer:

FIG. 16. 1s a schematic 1llustration, generally similar to
FIG. 15, i1llustrating the manner in which the suture may be
looped around projections on the cover section of the retainer;

FIG. 17. 1s a schematic sectional view of another embodi-
ment of the retainer:;

FIG. 18. 1s a schematic sectional view of another embodi-
ment of the retainer:;
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FIG. 19. 1s a schematic sectional view of another embodi-
ment of the retainer:;

FI1G. 20. 1s a schematic plan view of another embodiment
of the retainer;

FIG. 21. 1s a schematic sectional view, taken generally
along the line 21-21 of FIG. 20, further illustrating the con-
struction of the retainer;

FI1G. 22. 1s a schematic sectional view of another embodi-
ment of the retainer:;

FI1G. 23. 1s a schematic sectional view of another embodi-
ment of the retainer;

FI1G. 24. 1s a fragmentary schematic illustration depicting
the manner 1n which the applicator assembly of FIGS. 9-12
may be utilized to move the retainer of FIGS. 1-8 and 13-23
into a cannula; and

FI1G. 25. 15 a fragmentary schematic illustration, generally
similar to FIG. 12, depicting the manner in which a shield

may be provided on the distal portion of the applicator assem-
bly of FIGS. 9-12.

DESCRIPTION OF SPECIFIC PREFERRED
EMBODIMENTS OF THE INVENTION

Suture Retainer

An improved retainer 30 1s utilized to fixedly interconnect
opposite portions 32 and 34 of a suture 36. The portions 32
and 34 of the suture 36 extend 1n opposite directions through
the retainer 30. An intermediate portion 38 of the suture
extends between the portions 32 and 34 and extends around
body tissue 40 to the retainer 30. It should be understood that
the suture 36 and retainer 30 could be connected with each
other and/or the body tissue 40 1n a manner which 1s different
than the specific manner illustrated 1n FIG. 1. For example,
the portions 32 and 34 of the suture 36 may extend in the same
direction from the retainer 30.

It 1s contemplated that the suture 36 and retainer 30 may be
utilized to secure body tissue 40 1n many different ways. For
example, the suture 36 and retainer 30 may be utilized to
secure one piece of body tissue to another piece of body
tissue. The suture 36 and retainer 30 may be utilized to secure
solt body tissue to hard body tissue (bone). The suture 36 and
retainer 30 may be utilized to connect hard body tissue to hard
body tissue 1n the manner disclosed i U.S. Pat. No. 6,238,
393. The suture 36 and retainer 30 may be disposed entirely
within a patient’s body or may engage a surface area on the
patient’s body.

It 1s contemplated that the suture 36 can be constructed of
a single filament or of a plurality of filaments. The suture 36
may be formed of biodegradable or nonbiodegradable mate-
rial. Similarly, the retainer 30 may be formed of biodegrad-
able or nonbiodegradable material.

It 1s believed that 1t may be desired to form the retainer 30
from Poly-L-Lactic Acid (PLLA) or other resorbable poly-
mer. Although it 1s believed that 1t may be desired to form the
retainer 30 and suture 36 of the same material, the retainer and
suture may be formed of different materials. For example, the
suture 36 and retainer 30 may both be formed of a biodegrad-
able matenal. Alternatively, one of the suture 36 and retainer
30 may be formed of a biodegradable material and the other
one formed of a nonbiodegradable material.

It 1s contemplated that the suture 36 and retainer 30 may be
positioned relative to the body tissue 40 using laproscopic or
arthroscopic surgical procedures. The retainer 30 and suture
36 may be moved 1nto a patient’s body through a cannula.
Fiber optics may be used 1n association with the cannula to
tacilitate positioning of the suture 36 and retainer 30. The
cannula may have any one of the constructions disclosed 1n
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U.S. Pat. Nos. 6,338,730 and 6,358,266. The positioning of
the retainer 30 and suture 36 using endoscopic surgical pro-
cedures may be preferred in order to minimize the size of an
incision in a patient’s body. Of course, the retainer 30 and
suture 36 may be used with an open 1ncision which 1s rela-
tively large.

Regardless of whether the retainer 30 and suture 36 are
positioned 1n a patient’s body using open or minimally inva-
stve surgical techniques, 1t 1s contemplated that 1t may be
desired to tension the suture 36 with a predetermined force. A
predetermined tension 1s applied to the suture 36 by pulling
the portions 32 and 34 of the suture from the retainer 30 with
a predetermined force. The suture 36 1s tensioned with a force
which 1s a function of the size and strength of the suture.

The manner 1n which the suture 36 1s tensioned with a
predetermined force may be the same as 1s disclosed 1n U.S.
Pat. No. 6,159,234 or in U.S. patent application Ser. No.
09/556,458 filed May 3, 2000 by Peter M. Bonutt1 and
entitled Method And Apparatus For Securing Tissue. The
suture 36 1s tensioned with a predetermined force by pulling
the portions 32 and 34 of the suture before securing the
retainer 30 to the suture to hold the suture. When the retainer
30 has been secured to the suture 36 to hold the suture, the
retainer grips the portions 32 and 34 of the suture 36 to
maintain a tension, corresponding to the predetermined force,
in the suture.

It 1s contemplated that a robotic mechanism may be uti-
lized to position the retainer 30 and/or suture 36 relative to the
body tissue. An imaging device may be utilized 1n association
with the robotic mechanism to facilitate positioning of the
retainer 30 and suture 36 relative to the body tissue. The
robotic mechanism and/or imaging device may have any one
of the constructions and be used 1n any one of the ways
disclosed 1n U.S. patent application Ser. No. 10/102,413 filed
Mar. 20, 2002 by Peter M. Bonutti and entitled Methods of
Securing Body Tissue. During the surgery, the patient may be
covered by a drapery system which 1s connected with a sur-
geon so as to maintain a sterile field between the surgeon and
the patient 1n the manner disclosed 1n U.S. patent application
Ser. No. 09/941,185 filed Aug. 28, 2001 by Peter M. Bonutti
and entitled Method of Performing Surgery. Of course, any
desired sterile drapery system may be provided to cover the
patient.

In order to minimize the size of an 1ncision 1n the patient, it
1s contemplated that minmimally nvasive surgical techniques
disclosed 1n the aforementioned U.S. patent application Ser.
No. 09/941,185 filed Aug. 28, 2001 by Peter M. Bonutt1 and
entitled Method of Performing Surgery may be utilized. It 1s
believed that the utilization of minimally invasive surgical
techniques may be particularly advantageous when used in
association with a robotic mechamism and/or 1imaging appa-
ratus 1n the manner disclosed 1n U.S. patent Ser. No. 10/102,
413 filed Mar. 20, 2002 by Peter M. Bonutti. It 1s contem-
plated that a magnetic suturing system having a construction
similar to that 1n U.S. patent application Ser. No. 10/005,652
filed by Peter M. Bonutti on Dec. 3, 2001 and entitled Mag-
netic Suturing System and Method may be used to position
the suture 36.

The retainer 30 includes a lower or base section 46 (FIGS.
2 and 3) and an upper or cover section 48. The portions 32 and
34 of the suture 36 extend through passages 52 and 34 (FIGS.
2 and 7) formed between the upper and lower sections 46 and
48 of the retainer 30. The passages 52 and 54 have a cross
sectional area which 1s slightly greater than the cross sec-
tional area of the suture 36 (FIG. 7). Theretfore, the portions
32 and 34 of the suture 36 can be readily pulled through the
passages 52 and 54 when the retainer 30 1s 1n the mitial or
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undeformed condition illustrated in FIG. 7. It should be
understood that the passages 52 and 54 could have a configu-
ration other than the configuration illustrated in FIG. 7.

Once the suture 36 has been tensioned with a desired force,
the retainer 30 1s plastically deformed in the manner illus-
trated schematically 1n FIG. 8. This results 1n the portions 32
and 34 of the suture 36 being securely gripped between the
lower and upper sections 46 and 48 of the retainer 30. The
portions 32 and 34 of the suture 36 are gripped with a clamp-
ing action which holds them against movement relative to
cach other and to the retainer 30. This results 1n the desired
tension being maintained in the suture 36.

The lower section 46 of the retainer 30 includes a right (as
viewed 1n FIG. 3) recess 38 and a lett recess 60. The right and
left recesses 58 and 60 have the same configuration and are
disposed the same distance from a central axis of the circular
lower section 46 of the retainer 30. Although the recesses 58
and 60 could have many different configurations, the 1llus-
trated recesses have elongated configurations with parallel
longitudinal central axes which extend perpendicular to the
central axis of the circular lower section 46.

The upper section 48 has a circular body 64 from which
right (as viewed 1n FIG. 3) and left projections 66 and 68
extend. The right and left projections 66 and 68 have the same
cross sectional configuration which corresponds to the cross
sectional configuration of the recesses 38 and 60 (FIGS. 4, 5,
6, and 7). The projections 66 and 68 have an elongated con-
figuration with parallel longitudinal central axes which
extend perpendicular the central axis of the circular body 64
of the upper section 48 of the retainer 30. The projections 66
and 68 are disposed the same distance from a central axis of
the upper section 48. It 1s contemplated that the projections 66
and 68 could have a configuration which 1s different than the
specific configuration illustrated 1n FIGS. 4-7.

A center projection 72 1s disposed on the lower section 46
of the retainer 30 at a location midway between the right and
left recesses 58 and 60 (FIGS. 3, 4 and 7). The left and right
projections 66 and 68 on the upper section 48 of the retainer
30 are telescopically recerved in the right and left recesses 58
and 60 1n the lower section 46 of the retainer 30 (FIGS. 2, 3,
and 7). This results 1n the upper section 38 of the retainer
being positioned 1n a coaxial relationship with the lower
section 36 of the retainer. The center projection 72 1s disposed
midway between the rnight and left projections 66 and 68 when
they engage the right and left recesses 58 and 60. The right
and left recesses 58 and 60 cooperate with the right and left
projections 66 and 68 to orient the upper section of the
retainer 48 with the longitudinal axes of the right and left
projections 66 and 68 extending parallel to the longitudinal
axis of the center section 72.

When the right and lett projections 66 and 68 are disposed
in the right and left recesses 58 and 60 (FIG. 7), the center
projection 72 cooperates with the right and left projections to
partially form the passages 52 and 54. The bottom (as viewed
in FIG. 7) of the passage 52 1s formed by a gripper surface
arca 78. The bottom of the passage 54 1s formed by a gripper
surface area 80.

The gripper surface areas 78 and 80 on the lower section 46
face and are parallel to gripper surface arcas 82 and 84 (FIG.
7) on the upper section 48. The gripper surface arcas 78, 80,
82 and 84 cooperate with the projections 66, 68 and 72 to
define the parallel passages 52 and 54. The gripper surface
arcas 78, 80, 82 and 84 may be roughened or knurled to
enhance their ability to grip the suture 36.

The right and left projections 66 and 68 have flat parallel
longitudinally extending inner side surfaces 88 and 90 (FIGS.
4 and 7). The inner side surfaces 88 and 90 on the projections
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66 and 68 extend perpendicular to the gripper surface areas 82
and 84 on the circular body 64 of the upper section 48 of the
retainer 30. In addition, the right and leit projections 68 and
70 have outer side surfaces 92 and 94 which extend parallel to
the inner side surfaces 88 and 90.

The center projection 72 has parallel right and left side
surfaces 96 and 98 which extend perpendicular to the gripper
surface arcas 78 and 80 on the lower section 46 (FIG. 4).
When the right and left projections 66 and 68 on the circular
body 64 of the upper section 48 of the retainer 30 are disposed
in the right and left recesses 38 and 60 on the lower section 46
(FIG. 7), the right and left side surfaces 96 and 98 on the
center projection 72 extend parallel to the inner side surfaces
88 and 90 on the right and left projections 66 and 68.

The passages 52 and 34 through the retainer 30 are formed
by flat surfaces on the lower and upper sections 46 and 48 of
the retainer. The flat side surfaces which form the parallel
passages 32 and 54 are effective to guide a leading end of a
portion of a suture 36 as the suture 1s inserted into the passage.
Thus, the leading end of the portion 32 of the suture 1s directed
by the side surfaces 78, 88, 82, and 98 (FI1G. 7) formed on the
lower section 46, right projection 66, body 64 and center
projection 72 respectively. Similarly, the leading end of the
portion 34 of the suture 36 1s directed by the side surfaces 80,
90, 84 and 96 formed on the lower section 46, left projection
68, body 64 and center projection 72. By forming the pas-
sages 52 and 54 with elongated side surfaces, imsertion of the
portions 32 and 34 of the suture 36 into the passages 1s
facilitated. This 1s because once a portion 32 or 34 of the
suture 36 has been mserted 1nto one of the passages 52 or 34,
the side surfaces of the passage maintain the leading end of
the suture 1n a desired relationship with the passage as the
suture continues to be moved 1nto the passage.

The center projection 72 1s effective to position the por-
tions 32 and 34 of the suture 36 so that they are disposed on
opposite sides of and equal distances from a central axis of the
retainer 30. This results in off setting movements being
applied to the retainer 30 by forces transmitted to the retainer
from the portions 32 and 34 of the suture 36. Therefore, there
1s little or no tendency for the retainer 30 to rotate or flip
relative to the body tissue 40.

The right and left projections 66 and 68 on the upper
section 48 of the retainer 30 are disposed 1n the recesses 58
and 60 1n the lower section 46 of the retamner 78 (FIG. 7)
during insertion of the portions 32 and 34 of the suture 36 into
the passages 52 and 54 in the retainer 30. To hold the projec-
tions 66 and 68 1n the recesses 58 and 60, there 1s an interfer-
ence fit between the projections and the recesses. Thus, the
distance between an outer side surface 102 of the right recess
58 (FIG. 7) and an iner side surface 104 of the right recess 1s
slightly less than the distance between the outer side surface
92 and 1nner side surface 88 on the right projection 66. The
resulting interference between the right projection 66 and the
right recess 58 1s ellective to hold the right projection 1n the
right recess.

Similarly, the left recess 60 has parallel outer and inner side
surfaces 110 and 112. The outer and 1nner side surfaces 110
and 112 of the left recess 60 are spaced apart by distance
which 1s slightly less than the distance between the outer side
surface 94 and 1inner side surface 90 on the left projection 68.
When the left projection 68 1s pressed into the lett recess 60,
the resulting interference between the side surfaces 90 and 94
on the projection 68 and the side surfaces 110 and 112 on the
recess 60 hold the left projection 1n the left recess. The side
surfaces 102, 104, 110 and 112 on the recesses 58 and 60

extend parallel to the side surfaces 96 and 98 on the center




US 8,162,977 B2

7

projection 72 and perpendicular to the gripper surface areas
78 and 80 on the lower section 46.

The interference fit between the projections 66 and 68 on
the upper section 48 of the retainer with the recesses 58 and 60
in the lower section 46 of the retainer holds the two sections
of the retainer against movement relative to each other during
insertion of the portions 32 and 34 of the suture 36 into the
passages 52 and 54. However, it 1s contemplated that the
upper section 48 and lower section 46 of the retainer 30 may
be held against movement relative to each other by means
other than an interference fit. For example, latch surfaces on
the projections 66 and 68 may engage latch surfaces formed
on the sides of the recesses 58 and 60. These latch surfaces
may have a generally wedge shaped configuration. Alterna-
tively, a pin may extend through at least a portion of the lower
section 46 of the retainer and the projections 66 and 68 on the
upper section 48 of the retainer to hold the upper section
against movement relative to the lower section.

The lower section 46 and upper section 48 of the retainer 30
are formed as two separate pieces. However, 1t 1s contems-
plated that the lower and upper sections 46 and 48 of the
retainer 30 could be formed as one piece. If this 1s done,
relatively weak connectors may be provided between the
projections 66 and 68 and the base section 46 to hold the base
and upper sections 46 and 48 1n a desired spatial relationship
with each other during insertion of the portions 32 and 34 of
the suture 36 1nto the passages 52 and 54. The weak connec-
tors may be broken to enable the portions 32 and 34 of the
suture 36 to be gripped between the retainer sections 46 and
48. Alternatively, a flexible strap may be formed between the
base section 46 and upper section 48. By deflecting the strap,
the projections 66 and 68 may be inserted into the recesses 38
and 60.

When the right and left projections 66 and 68 are telescopi-
cally 1nserted 1nto the right recess 38 and lett recess 60, the
leading or lower (as viewed 1n FIG. 7) end portions of the
projections engage flat bottom surfaces 118 and 120 of the
recesses 38 and 60 (F1G. 7). The tlat bottom surfaces 118 and
120 extend parallel to the gripper surface areas 78 and 80 on
the lower section 46 and perpendicular to the side surfaces
102,104,110 and 112 of the recesses 58 and 60. Engagement
of end portions 124 and 126 of the projections 66 and 68 with
the bottom surfaces 118 and 120 of the recesses 58 and 60
positions the lower and upper sections 46 and 48 of the
retainer relative to each other and determines the size of the
passages 52 and 54. This results 1n the passages 52 and 54
being sized so as to have a cross sectional area which 1s
slightly greater than the cross sectional area of the portions 32
and 34 of the suture 36 to enable the suture to be readily
inserted 1nto the passages.

The center projection 72 has a flat upper side surtface 130
which extends parallel to the gripper surfaces 78, 80, 82 and
84. The upper side surtace 130 on the center projection 72 1s
spaced from the upper section 48 when the end portions 124
and 126 of the projections 66 and 68 are in engagement with
the bottom surfaces 118 and 120 of the recesses 38 and 60.
However, 11 desired, the center projection 72 may be disposed
in engagement with the upper section 48 when the end por-
tions 124 and 126 of the projections 66 and 68 are in engage-
ment with the bottom surfaces 118 and 120 of the recesses 58
and 60.

When the end portions 124 and 126 of the projections 66
and 68 are 1n engagement with the bottom surfaces 118 and
120 of the recesses 38 and 60, the portions 32 and 34 of the
suture 36 can be freely moved in the passages 52 and 34 to
enable the retainer 60 to be slid along the suture 36 to a desired
position relative to the body tissue 40. The retainer 30 may be
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slid along the suture 36 under the influence of force manually
applied against the retainer or under the influence of force
applied against the retainer by a surgical instrument, such as
forceps. As this occurs, the intermediate portion 38 (FIG. 1)
of the suture 1s tightened around the body tissue with a desired
force.

Once the retainer 30 has been positioned 1n a desired loca-
tion relative to the body tissue 40 and the suture 36 tensioned
with a predetermined force, the retamner i1s plastically
deformed from the 1nitial condition illustrated i FIG. 7 to the
condition 1llustrated in FIG. 8. Plastic deformation of the
retainer 30 results 1n the size of the passages 52 and 54 being
decreased. In addition, the upper side 130 on the center pro-
jection 72 moves into engagement with the upper section 48
of the retainer 30. Engagement of the center projection 72
with the upper section 48 of the retainer 30 tends to limit the
extent to which the lower and upper section 46 and 48 of the
retainer are pressed together to thereby limit plastic deforma-
tion of the retainer 30.

I1 the retainer 30 1s constructed so that the center projection
72 engages the upper section 48 of the retainer when the end
portions 124 and 126 of the projections 66 and 68 are in
engagement with the bottom surface areas 118 and 120 of the
recesses 58 and 60, the center projection would also be
deformed when the retainer 1s plastically deformed from the
initial condition of FIG. 7 to the condition of FIG. 8. With this
construction of the retainer 30, the center projection 72 would
be deformed to the same extent as the projections 66 and 68.
Theretfore, the center projection 72 may be formed with an
upper end portion which has the same configuration as the
lower end portions 124 and 126 of the projections 66 and 68.

To plastically deform and interconnect the lower and upper
sections 46 and 48 of the retainer 30, a member 140 (FIG. 8)
1s moved 1nto a groove 142 1n the lower section 46. In addi-
tion, a second member 144 engages a flat outer side surface
146 on the upper section 48 of the retainer 30. The lower and
upper sections 46 and 48 of the retainer 30 are firmly pressed
together by force transmitted between the members 140 and
144 through the retainer. While the lower and upper sections
46 and 48 of the retainer 30 are gripped between the members
140 and 144 with a clamping action, energy 1s transmitted
from the member 144 to the retainer 30.

The energy applied to the retainer 30 1s effective to heat the
end portions 124 and 126 of the projections 66 and 68 1nto a
transition temperature range for the polymeric material of the
projections. Force applied against the retainer 30 by the mem-
bers 140 and 144 (FI1G. 8) causes the heat softened material of
the projections 66 and 68 to tlow 1n the recesses 58 and 60. To
a lesser extent, material of the lower section 46 1s heated and
also tlows 1n the recesses 38 and 60.

As this occurs, the heated material of the projections 66 and
68 may be forced upward toward the portions 32 and 34 of the
suture 36. The heated material tends to bond to the portions 32
and 34 of the suture 36. it should be understood that the extent
of deformation and tflow of the heat softened material of the
projections 66 and 68 may be and probably will be greater
than the extent illustrated schematically 1n FIG. 8.

I1 the retainer 30 1s constructed so that the center projection
72 1s deformed to the same extent as the projections 66 and 68,
heat softened maternial of the center projection would flow
into the passages 52 and 34. If the upper section 48 of the
retainer 30 has the construction shown in FIG. 4, the upper
end portion of the center projection would engage the flat
lower side surface of the body 64. However, the upper section
48 of the retainer 30 may be formed with a recess to recerve
the upper end portion of the center projection 72. This recess
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may have the same configuration as the recesses 58 and 60 1n
the lower section 46 of the retainer 30.

If desired, the retainer 30 may be constructed with the
center projection 72 extending from the upper section 48 of
the retainer. If this 1s done, the center projection 72 from the
upper section 48 of the retainer may have the same configu-
ration as the illustrated configuration of the center projection
in FIGS. 4 and 5. A recess may be provided in the lower
section 46 to recerve a portion of a center projection from the
upper section 48 of the retainer 30.

As the heated material of the projections 66 and 68 1s
caused to tflow 1n the recess 58 and 60, the size of the passages
52 and 54 1s decreased. This results 1n the portions 32 and 34
of the suture 36 being firmly clamped between the gripper
surface areas 78 and 80 on the lower section 46 and the
gripper surface areas 82 and 84 on the upper section 48 of the
retainer 30. The force applied to the portions 32 and 34 of the
suture 36 by the gripper surface areas 78, 80, 82 and 84 on the
lower and upper sections 46 and 48 of the retainer 30 1s
elfective to deform the suture from the circular cross sectional
configuration illustrated 1n FIG. 7 to a generally oval cross
sectional configuration 1llustrated schematically in FIG. 8.
Although the illustrated suture 36 1s a monofilament, 1t 1s
contemplated that the suture could be formed by a plurality of
filaments which are braided or twisted together.

The energy which 1s applied to the retainer 30 by the
member 144 may be thermal energy, vibratory energy, or light
energy. The energy may be transmitted by radio frequency
waves, ultrasonic waves, heat waves, or light waves. The
energy may be vibratory ultrasonic or radio frequency energy.
Rather than positioning the member 140 1n the groove 142 1n
the lower section 46 of the retainer 30, the groove 142 may be
omitted and a flat member, similar to the member 144, may be
pressed against the lower section 46 of the retainer 30. Energy
may be transmitted to the retainer through either the member
140 or the member 144 or both of the members 140 and 144.

In the embodiment ofthe invention 1llustrated in F1G. 8, the
portions 32 and 34 of the suture 36 are clamped between the
lower section 46 and upper section 48 of the retainer 30. The
clamping force applied against the portions 32 and 34 of the
suture 36 by the retainer 30, holds the retainer and the portions
of the suture against relative movement. This results in the
suture 36 and retainer 30 being securely interconnected.

There 1s some bonding of material of the retainer to the
portions 32 and 34 of the suture 36 to further interconnect
suture and the retainer. However, the amount of force and
energy transmitted from the member 140 or both of the mem-
bers 140 and 144 to the retainer 30 1s suilicient to effect a
plastic deformation of the material of the retainer without
excessive plastic deformation of the material of the suture 36.
By avoiding excessive deformation of the material of the
suture 36, weakening of the suture 1s avoided. Thus, once the
plastic deformation of the retainer 30 has been effected by the
transmission of force and energy to the retainer, the lower and
upper sections 46 and 48 of the retainer are fixedly 1ntercon-
nected with the suture 36 without significantly weakening of
the suture.

The end portions 124 and 126 of the projections 66 and 68
have a pointed configuration. Thus, the end portion 124 of the
projection 66 includes a flat side surface areca 150 which
intersects a flat side surface area 152 at a linear point or peak.
Theretore, there 1s line contact between the end portion 124 of
the right projection 66 and the flat bottom surface 118 of the
right recess 58. Similarly, the end portion 126 of the left
projection 68 has a tlat side surface 156 which intersects a flat
side surface 158 at a linear point or peak on the end portion
126 of the left projection 68. This results in line contact
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between the pointed end portion of the left projection 68 and
the flat bottom surface 120 of the left recess 60. However, the
end portions 124 and 126 of the projections 66 and 68 may
have a conical configuration if desired.

By forming the end portions 124 and 126 of the right and
left projections 66 and 68 with a pointed configuration, the
end portions of the projections are effective to function as
energy directors for ultrasonic vibratory energy. The pointed
end portions 124 and 126 of the right and left projections 66
and 68 are effective to direct ultrasonic vibratory energy
transmitted from the member 144 to the ends of the projec-
tions and to the bottom surfaces 118 and 120 of the recesses
58 and 60. The pointed configuration of the end portions 124
and 126 of the projections 66 and 68 concentrates the energy
and facilitates melting of the material of the projections. To a
lesser extent, the material of the lower section 46 of the
retainer 30 1s melted adjacent to the bottom surfaces 118 and
120. This results 1 a secure bonding and interconnection
between the lower and upper sections 46 and 48 of the retainer
30.

Applicator Assembly

An 1mproved applicator assembly 172 (FIGS. 9-12) 1s uti-
lized to grip the retainer 30 with a constant predetermined
force, to move the retainer 30 along the suture 36 to a desired
position relative to the body tissue 40, and to transmit energy
to the retainer 30. The applicator assembly 172 may be used
to perform any one or more of foregoing functions rather than
all of the functions.

The applicator assembly 172 includes a rigid energy trans-
mission member 174 (FIG. 9) which corresponds to the mem-
ber 144 1n FIG. 8. A rigid tubular force transmitting member
176 extends around and 1s coaxial with the cylindrical energy
transmission member 174. The cylindrical force transmitting,
member 176 corresponds to the member 140 1n FIG. 8.

A biasing assembly 178 continuously urges the force trans-
mitting member 176 toward the left (as viewed 1n FIG. 9) with
a constant predetermined force. The 1llustrated embodiment
of the biasing assembly 178 includes a helical spring 180
which 1s disposed between an annular flange 182 on a reaction
member 184 and an annular piston 186. The annular piston
186 1s fixedly connected to a housing 188. The housing 188 1s
connected to the tubular force transmitting member 176. The
reaction member 184 1s fixedly connected to a manually
engagable handle 194.

A trigger 198 1s pivotally connected with the handle 194.
The trigger 198 1s manually pivotal in a clockwise direction
(as viewed 1 FIGS. 9 and 11). Clockwise pivotal movement
of the trigger 198 transmits force through a yoke 200. The
force transmitted through the yoke 200 moves the housing
188 toward the right (as viewed 1 FIGS. 9 and 11). This
rightward movement of the housing 188 moves a tlange 204
on the right (as viewed 1n FIGS. 9 and 12) or distal end of the
tubular force transmitting member 176 away from a circular
end surface 206 on the energy transmission member 174.

The rightward (as viewed 1n FIGS. 9 and 12) movement of
the force transmitting member 176 relative to the energy
transmission member 174 increases space between the tlange
204 and end surtace 206 on the energy transmission member
174. Increasing the space between the tlange 204 and the end
surface 206 enables the retainer 30 to be positioned between
the flange 204 and the end surface 206 with the portions 32
and 34 of the suture 36 extending through the passages 52 and
54 1n the retainer 30 1n the manner illustrated 1n FIG. 7.

When the retainer 30 1s positioned 1n the gap between the
end surface 206 (FIGS. 9 and 12) on the energy transmission
member 174 and the flange 204 connected with the force
transmitting member 176, the tlange 204 1s positioned 1n the
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groove 142 1n the retainer 30 1n the same manner as 1n which
the member 140 1s illustrated as engaging the groove 142 in
FIG. 8. The end surface 206 (FIGS. 9 and 12) on the energy
transmission member 174 1s disposed 1n engagement with the
surface 146 on the upper section 48 of the retainer 30 1n the
same manner as in which the member 144 (FIG. 8) engages
the surface 146.

Once the retamner 30 has been positioned in the space
between the flange 204 and the end surface 206 on the energy
transmission member 174 (FIGS. 9 and 12), the trigger 198 15
released. When the trigger 198 1s released, the biasing spring,
180 1s effected to urge the housing 188 toward the left (as
viewed 1n FIGS. 9 and 11). The leftward force applied by the
spring 180 against the housing 188 1s transmitted through the
force transmitting member 176 and flange 204 to the retainer
30. This results 1n the retainer 30 being clamped between the
flange 204 on the force transmitting member 176 and end
surface 206 on the energy transmission member 174. The
spring 180 1s effective to apply a constant predetermined
biasing force to the piston ring 186. This constant biasing
force 1s transmitted through the housing 188 and force trans-
mitting member 176 to the retainer 30.

Prior to the transmission of energy to the retainer 30
through the energy transmission member 174, the force
applied against the retainer 30 1s inetiective to cause signifi-
cant plastic deformation of the material of the retainer 30. At
this time, the end portions 124 and 126 (FIG. 7) of the right
and left projections 66 and 68 are pressed against the bottom
surfaces 118 and 120 of the recesses 58 and 60 with a constant
force. The portions 32 and 34 of the suture 36 are freely
movable 1n the passages 52 and 54.

While the retainer 30 1s gripped with a predetermined
constant force by the applicator assembly 172, the retainer 1s
moved to a desired position relative to the body tissue 40. To
position the retainer 30 relative to the body tissue, the surgeon
holds the handle 194 of the applicator assembly 172 1n one
hand and tensions the portions 32 and 34 of the suture 36 with
the other hand. The surgeon then manually applies force
against the handle 194 to slide the retainer 30 along the
tensioned portions 32 and 34 of the suture 36 toward the body
tissue 40. The relatively long force transmitting member 176
and energy transmitting member 174 enable the applicator
assembly 172 to move the retainer 30 through a small incision
to a remote location 1n a patient’s body as the retainer slides
along the suture 36.

During performance of a surgical procedure, the suture 36
may be moved through a cannula to a location disposed
within a patient’s body. The suture 36 1s then positioned
relative to the tissue 40 at the remote location 1n the patient’s
body. However, 1t should be understood that the cannula may
be omitted and the suture 36 moved through an open incision.

Once the suture 36 has been moved to the desired location
relative to the tissue 40 1n the patient’s body, the portions 32
and 34 of the suture may be positioned 1n the passages 52 and
54 through the retainer while the retainer 1s disposed outside
of the patient’s body. Once the portions 32 and 34 of the
suture 36 have been positioned 1n the passages 52 and 54 to
the retainer 30, the retainer 1s gripped by the applicator
assembly 172. The flange 204 on the force transmitting mem-
ber 176 and end surface 206 on the energy transmission
member 174 of the applicator assembly 172 are effective to
apply a predetermined constant force against opposite sides
of the retainer 30 to securely grip the retainer with the appli-
cator assembly 172.

While the retainer 1s gripped by the applicator assembly
172, the end portions 32 and 34 of the suture are manually
tensioned and the retainer 1s slid along the portions 32 and 34
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of the suture toward the body tissue. As the retainer 30 1s shid
along the suture 36 toward the body tissue 40, the applicator
assembly 172 moves the retainer 1nto the patient’s body. As
the retainer 30 1s moved mto the patient’s body, it 1s gripped
with a constant predetermined force by the applicator assem-
bly 172.

Alternatively, the retainer 30 may be gripped by the appli-
cator assembly 172 outside of the patient’s body prior to
insertion of the portions 32 and 34 of the suture through the
passages 52 and 54. The portions 32 and 34 of the suture 36
may then be inserted through the passages 52 and 54 in the
retainer 30 while the retainer 1s gripped by the applicator
assembly 172. If desired, insertion of the portions 32 and 34
ol the suture 36 through the passages 52 and 54 1n the retainer
30 may be performed with the retainer inside the patient’s
body.

If the applicator assembly 172 1s utilized to move the
retainer 30 through a cannula into the patient’s body before
the suture 36 1s inserted 1nto the passages 52 and 354 through
the retainer, suitable mstruments may be utilized to grip the
portions 32 and 34 of the suture in the patient’s body and to
move the portions 32 and 34 of the suture through the pas-
sages 52 and 54. The instruments which engage the suture and
move 1t through the passages 52 and 54 while the retainer 40
1s gripped by the applicator assembly 172, may extend
through the cannula along with the applicator assembly.
Alternatively, the mstruments which move the portions 32
and 34 of the suture 36 through the passages 52 and 54 may be
moved 1nto the patient’s body through a cannula spaced from
the cannula through which the applicator assembly 172
moves the retainer into the patient’s body. In order to mini-
mize 1ncisions 1n the patient’s body, 1t may be preferred to
utilize a single cannula to accommodate movement of the
applicator assembly 172, retamner 30, suture positioning
instruments, and the suture 36 into the patient’s body.

It 1s contemplated that 1t may be desired to position the
suture 36 and retainer 30 1in a patient’s body with a robotic
mechanism. When this 1s to be done, the manually engagable
handle 194 and trigger 198 on the applicator assembly 172
may be eliminated. The remainder of the applicator assembly
may then be connected with the robotic mechanism. A suit-
able motor may be provided 1n the robotic mechanism to
move the force transmitting member 176 against the influence
of the biasing spring 180. Even though the handle 194 and
trigger 198 are eliminated, the retainer 30 would be gripped
between the flange 204 on the force transmitting member 176
and end surface 206 on the energy transmission member 174
with a constant force.

The robotic mechanism with which the applicator assem-
bly 172 1s connected may have a plurality of adaptive arms
which are eflective to move the retainer 30 and other 1nstru-
ments 1n a patient’s body. The robotic mechanism may be a
reprogrammable, multifunctional manipulator designed to
move through various program motions for the performance
of selected one of a plurality of surgical procedures. The
robotic mechanism may have manually operable controls
which provide for interaction between a surgeon and the
robotic mechanism. The robotic mechanism may have any
one ol many different constructions and may be operated 1n
any one of many different manners, including those disclosed
in U.S. patent application Ser. No. 10/102,413 filed Mar. 20,
2002 by Peter M. Bonutti and entitled Methods of Securing
Body Tissue.

When the applicator assembly 172 i1s to be utilized 1n
association with a robotic mechanism, 1t 1s believed that it
may be desired to utilize a momitor or display 1n association
with the robotic mechanism. A single imaging device or a
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plurality of imaging devices may be used. If a plurality of
imaging devices are used, 1t 1s contemplated that stereoscopic
and/or video stereoscopic viewing at a location where a sur-
gical procedure 1s being performed may be accommodated by
the 1imaging apparatus. The imaging apparatus may include a
plurality of endoscopes.

A navigation system may be utilized to provide mputs to
the computer to assist in the control of the robotic mechanism
and the performance of a surgical procedure. The navigation
system may be an optical navigation system in which end
portions of navigation members are 1lluminated by light. The
navigation members may be connected with one or more
tissues 1n a patient’s body. The tissue with which the naviga-
tion members are connected may either bone or soft tissue.

It 1s also contemplated that imaging devices such as a
fluoroscope, and/or magnetic resonance 1imaging unit and/or
ultrasonic 1maging unit may be utilized with the robotic
mechanism. If desired, endoscopes may be utilized 1n asso-
ciation with the various imaging units. The imaging units and
robotic mechanisms may have a construction and cooperate
with each other 1n the same manner as described in the afore-
mentioned U.S. patent application Ser. No. 10/102,413 filed
Mar. 20, 2002 by Peter M. Bonutt:.

Once the retainer 30 has been positioned in a desired rela-
tionship with body tissue 40 and the suture 36, the portions 32
and 34 of the suture 36 are pulled with a predetermined force.
This results 1n a predetermined tension being established 1n
the portions 32 and 34 of the suture 36. While the predeter-
mined tension 1s maintained 1n the suture 36, the retainer 30 1s
plastically deformed to connect the retainer with the portions
32 and 34 of the suture 36 and hold the portions 32 and 34 of
the suture against movement relative to each other and the
retainer 30. To eflect plastic deformation of the retainer 30
and connection of the retainer with the suture 36, energy is
transmitted from an energy source 212 (FIG. 9) through the
energy transmission member 174 to the retainer 30. At this
time, the retainer 30 1s clamped between the flange 204 on the
force transmitting member 176 and the end surface 206 on the
energy transmission member 174.

In the 1llustrated embodiment of the applicator assembly
172, the energy source 212 1s a source of ultrasonic vibratory
energy at a frequency above that which can normally be
detected by the human ear, that 1s about 16 to 20 kilohertz.
Although there are a wide range of frequencies which may be
utilized, it 1s believed that it may be desirable to use ultrasonic
energy having a frequency of between 20 kilohertz and 70
kilohertz. It 1s believed that it may be desired to use ultrasonic
vibratory energy of a frequency between 39.5 and 41 kilo-
hertz. When a foot pedal actuated switch 214 (FIG. 9) 1s
closed, ultrasonic vibratory energy 1s transmitted through the
energy transmission member 174 to the retainer 30. The ultra-
sonic vibratory energy creates irictional heat at the pointed
end portions 124 and 126 of the projections 66 and 68. The
frictional heat provided by the ultrasonic vibratory energy 1s
cifective to heat material of the suture retainer 30 into 1ts
transition temperature range while the material of the suture
36 remains at a temperature below 1its transition temperature
range. For example, the suture 36 may be formed of a material
having a transition temperature range which 1s above 190
degrees Celsius. The suture retainer 40 may have a transition
temperature range which begins at a temperature below 190
degrees Celsius.

However, 1t should be understood that even the entire tran-
sition temperature range for the suture 36 could be co-exten-
stve with the transition temperature range for the retainer 30.
In fact, the transition temperature range of the suture 36 could
extend below the transition temperature range of the retainer
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30. However, 1t 1s believed that it may be preferred to have the
transition temperature range for the suture 36 above at least a
portion of the transition temperature range of the retainer 30.

Ultrasonic vibratory energy 1s transmitted from the energy
transmission member 174 to the upper section 48 of the

retainer 30. The right and left projections 66 and 68 (FI1G. 7)

from the upper section 48 of the retainer 30 function as energy
directors which direct the ultrasonic vibratory energy to the
locations where the end portions 124 and 126 of the projec-
tions 66 and 68 engage the bottom surfaces 118 and 120 of the
recesses 58 and 60 1n the lower section 46 of the retainer 30.
The pointed end portions 124 and 126 of the projections 66
and 68 concentrate the vibratory energy transmitted through
the energy transmission member 174 at the locations where
the projections engage the bottom surfaces 118 and 120 of the
recesses 38 and 60.

The ultrasonic vibratory energy is effective to soften and
make the material forming the end portions 124 and 126 of the
projections 66 and 68 flowable under the mfluence of the
constant predetermined force transmitted from the biasing
spring 180 through the force transmission member 176 and
flange 204 to the lower section 46 of the retainer 30. As the
temperature of the end portions 124 and 126 of the projections
66 and 68 increases, the lower section 46 of the retainer 30
moves toward the upper section 48 of the retainer. This results
in material which originally formed the pointed end portions
124 and 126 of the projections 66 and 68 being deflected
sideways 1n the lower (as viewed 1n FIG. 7) portions of the
recesses 58 and 60.

The continued application of a constant clamping force to
the retainer 30 and the transmission of vibratory energy to the
retainer causes the end surface 130 on the center projection 72
to move mto engagement with the circular body 64 of the
upper section 48. There may be a limited heating, melting and
deformation of the center projection 72 as a result of engage-
ment of the center projection with the upper section 48.

Although 1t 1s believed that 1t will be preferred to apply
ultrasonic vibratory energy to the retainer 30, other forms of
energy may be applied to the retainer 1t desired. For example,
thermal or light (laser) energy may be applied to the retainer
if desired. The energy application apparatus may be separate
from the apparatus which 1s used to position the retainer
relative to the body tissue 40 and suture 36. Thus, the retainer
30 may be positioned relative to body tissue 40 and the suture
36 manually or by using a first apparatus. Energy may then be
applied to the retainer 30 using a second apparatus.

The heated, flowable material of the end portions 124 and
126 of the projections 66 and 68 may tlow along the side
surfaces 102, 104, 110 and 112 of the recesses 58 and 60.
Some of the matenal of the end portions 124 and 126 of the
projections 66 and 68 may engage and bond to the portions 32
and 34 of the suture 36.

At the same time, the portions 32 and 34 of the suture 36 are
deflected from their original circular configuration (FIG. 7) to
an oval configuration under the influence of force applied
against the portions of the suture disposed between the lower
section 46 and upper section 48 of the retainer 30. Although
the portions 32 and 34 of the suture 36 are resiliently deflected
to the configuration illustrated schematically 1n FIG. 8, there
1s minimal bonding of the material with the retainer 30 to the
suture 36 and no significant loss of strength of the suture. Due
to the clamping action between the flange 204 and end surface
206 on the energy transmission member 174 (FI1G. 9) against
the retainer 30, the overall height of the retainer 1s decreased.
At the same time, the overall diameter of the retainer
Increases.




US 8,162,977 B2

15

When the transmission of ultrasonic vibratory energy
through the energy transmission member 174 1s interrupted,
the material of the retainer 30 cools and there 1s an ultrasonic
welding of the lower section 46 of the retainer to the upper
section 48 of the retainer. The bonding between the lower
section 46 and upper section 48 of the retainer 30 occurs
mainly between the projections 66 and 68 and the lower
section 48 of the retainer. There may be some bonding of the
center projection 130 to the circular body 64 of the upper
section 48 of the retainer. In addition, there may be some
bonding material of the lower section 46 and upper section 48
of the retainer to the portions 32 and 34 of the suture 36.

The portions 32 and 34 of the suture 36 are held against
movement relative to each other and to the retainer primarily
30 by a clamping action between surfaces on the lower sec-
tion 46 and surfaces on the upper section 48 of the retainer.
Thus, the portions 32 and 34 of the suture 36 are securely
gripped between the gripper surface areas 78 and 80 on the
lower section 46 of the retainer 30 and the gripper surface
areas 82 and 84 on the upper section 48 of the retainer 30. By
holding the portions 32 and 34 of the suture 36 against move-
ment relative to each other and to the retamner 30 with a
clamping action, there 1s minimal deformation of the suture
and the strength of the suture 1s not impaired.

Although one specific preferred embodiment of the appli-
cator assembly 172 has been illustrated 1n FIGS. 10-12, it 1s
contemplated that the applicator assembly could have a dii-
ferent construction and/or mode of operation. For example,
the applicator assembly 172 may have any one of the con-
structions and mode of operations disclosed 1n U.S. patent
application Ser. No. 10/076,919 filed Feb. 13, 2002 by Peter
M. Bonutti, et al and entitled Method of Using Ultrasonic
Vibration to Secure Body Tissue. Although it 1s believed that
a retainer having a construction similar to that illustrated 1n
FIGS. 1-8 may be preferred, 1t 1s contemplated that the appli-
cator assembly 172 of FIGS. 9-12 may be utilized with retain-
ers having a different construction. For example, the applica-
tor assembly 172 may be utilized 1n association with aretainer
having any one of the constructions disclosed in the afore-
mentioned U.S. patent application Ser. No. 10/076,919 filed
Feb. 15, 2002 by Peter M. Bonutti or any one of the construc-
tions disclosed 1n U.S. Pat. No. 6,010,525.

The leading end portion of the force transmitting member
176 (FIG. 12) extends part way around the end surface 206 on
the energy transmission member 174. This results 1n the for-
mation of a shield 220 which extends part way around the
retainer 30 when the retainer 30 1s clamped between the
flange 204 and the end surface 206 on the energy transmission
member 174. The shield 220 has an inner side surface 222
which forms a portion of a cylinder. The side surface 222
engages the cylindrical periphery of the retainer 30 to position
the retainer relative to the energy transmission member 174 in
a direction transverse to a longitudinal central axis of the
energy transmission member.

The shield 220 1s effective to at least partially block
engagement of body tissue with the retainer 30 as the retainer
1s positioned 1n a patient’s body and as energy 1s transmitted
to the retainer from the energy transmission member 174. It1s
contemplated that the shield 220 could be constructed 1n such
a manner as to extend completely around the retainer 30. This
would allow use of the applicator assembly 172 1n a moist
environment or 1 an aqueous environment in which the
retainer 1s completely or almost completely submerged in
liquad.

The force transmitting member 176 has a flange 204 which
engages the groove 142 in the same manner as which the
member 140 1s schematically depicted as engaging a groove
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142 1n FIG. 8. However, 1t 1s contemplated that the flange 204
could be eliminated and a circular end plate provided at the
distal end of the force transmitting member 176. The use of a
plate would provide for a wider area of engagement of the
force transmitting member 176 with the lower section 46 of
the retainer 30. The use of a circular end plate 1n place of the
flange 204 would allow the groove 142 1n the lower section 46
of the retainer to be eliminated.

Prior to connecting the retainer 30 with the suture 36, the
portions 32 and 34 of the suture are pulled with a predeter-
mined tension. Tensioning the suture with a predetermined
force may be accomplished 1n the manner disclosed 1n the
alforementioned U.S. patent application Ser. No. 09/556,458
filed May 3, 2000 by Peter M. Bonutti and enftitled Method
and Apparatus For Securing Tissue or in the manner disclosed
in U.S. patent application Ser. No. 10/102,413 filed Mar. 20,
2002 by Peter M. Bonutti and entitled Methods of Securing
Body Tissue. Once a desired tension has been established 1n
the intermediate portion 38 (FIG. 1) of the suture 36, the
applicator assembly 172 1s utilized to interconnect the lower
section 46 and upper section 48 of the retainer in the manner
previously discussed.

Since the portions 32 and 34 of the suture 36 were posi-
tioned 1n the passages 52 and 54 on opposite sides of the
center projection 72, the portion 32 of the suture applies force
against the lower section 46 of the retainer on the right (as
viewed 1 FIG. 7) side of the central axis of the retainer. The
portion 34 of the suture applies force against the lower section
46 of the retainer on the left side of the center projection 72.
This results in the application of offsetting movements to the
lower section 46 of the retainer. Therefore, the retainer 30
does not tend to rotate on an axis disposed between the por-
tions 32 and 34 of the suture 36 and is stable relative to the
body tissue 40.

Although 1t 1s believed that 1t may be desired to use the
applicator assembly 172 to position the retainer 30 relative to
body tissue, it should be understood that other ways of posi-
tioning the retainer elative to body tissue may be utilized. For
example, a surgeon may grasp the retainer 30 with one hand
and tension the portions 32 and 34 of the suture 36 with the
other hand. The surgeon would then manually apply force
against the retainer 30 to slide the retainer along the tensioned
portions 32 and 34 of the suture toward the body tissue.
Rather than gripping the retainer 30 with one hand, the sur-
geon may grip the retainer 30 with a manually actuated 1instru-
ment.

If the retainer 30 1s manually positioned relative to body
tissue or positioned with a manually actuated instrument, a
source of energy will have to be provided to interconnect the
sections 46 and 48 of the retainer. The energy source may
have any of the constructions disclosed 1n U.S. Pat. No. 6,368,
343, Alternatively, the energy source may have the construc-
tion disclosed in U.S. Pat. No. 3,513,848.

Looped Suture

In FIGS. 1-8, the portions 34 and 36 of the suture extend
straight through the retainer 30 1n a generally parallel rela-
tionship with each other. However, 1t 1s contemplated that the
portions 34 and 36 of the suture may be looped around por-
tions of the retainer to increase the strength of the connection
between the suture 36 and the retainer 30. In the embodiment
of FI1G. 13, the suture 1s looped around the projections 66 and
68 from the upper section 48 of the retainer. By looping the
portions 32 and 34 of the suture around the projections 66 and
68, in the manner illustrated 1n FIG. 13, the strength of the
orip which the retainer 30 obtains on the suture is increased.

When the suture 36 1s to be positioned relative to the
retainer 30 and looped around the projections 66 and 68, in
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the manner 1llustrated schematically in FIG. 13, the portion
32 ofthe suture 1s inserted through the passage 52 between the
right projection 66 from the upper section 48 of the retainer.
The portion 32 of the suture 1s then wrapped around the
projection 66 and again inserted through the passage 52 to
form a loop around the projection 66. The portion 34 of the
suture 36 1s looped around the projection 68 from the upper
section 48 of the retainer 30 in the same manner as 1n which
the portion 32 of the suture 1s looped around the projection 66.

As was previously mentioned, the portions 32 and 34 of the
suture 36 are moved 1n opposite directions into the retainer
30. Thus, when the portion 32 of the suture 36 1s initially
moved through the passage 52, the suture 1s moved downward
(as viewed 1n FIG. 13) through the passage and then wrapped
upwardly around the projection 66 1n a counter clockwise
direction (as viewed 1n FIG. 13) and again moved downward
through the passage 52. When the portion 34 of the suture 1s
to be positioned in the passage 54 in the retainer 30, the
portion 34 of the suture 1s first moved upward (as viewed in
FIG. 13) through the passage 54 and then wrapped 1n a
counter clockwise direction about the projection 68. As the
portion 34 of the suture 1s wrapped around the projection 68,
the portion 34 of the suture 1s again inserted through the
passage 34. This results 1n the formation of a loop 232 around
the projection 68. The intermediate portion 38 of the suture 36
extends upward (as viewed 1n FIG. 13) from the loop 230 and
extends downward (as viewed 1n FIG. 13) from the loop 232.

Once the loops 230 and 232 have been formed in the
portions 32 and 34 of the suture 36, the retainer 30 1s gripped
by the applicator assembly 172 and moved along the suture 36
toward the body tissue 1n the manner previously discussed.
Movement of the retainer along the suture 36 toward the body
tissue will, to some extent, be impeded by the loops 230 and
232 1n the suture 36. By applying force with a handle 194 of
the applicator assembly 172, the retainer 30 can be moved
along the suture 36 toward the body tissue after the loops 230
and 232 have been formed in the suture 36. It should be
understood that the retainer 30 may be manually moved along,
the suture 36 or moved along the suture with an applicator
assembly having a construction which i1s different than the
construction of the applicator assembly 172.

Although the loops 230 and 232 have been 1llustrated as
being formed around the projections 66 and 68 from the upper
section 48 of the retainer 30, 1t 1s contemplated that the loops
could be formed around a different portion of the retainer 30
if desired. For example, one or both of the loops 230 and 232

could be formed around the center projection 72.

Alternatively, both of the loops 230 and 232 could be
tormed around both of the projections 66 and 68. When this 1s
to be done, the portion 32 of the suture 36 would be moved
downward (as viewed 1n FI1G. 13) through the passage 52 and
looped around the outside of the projection 66 across the
upper (as viewed 1n FIG. 13) end portion of the center pro-
jection 72 and downward around the left projection 68, across
the bottom (as viewed 1n FIG. 13) of the center projection 72
and again wrapped around the outside of the right projection
66. The portion 32 of the suture 36 would then be moved
downward for a second time, through the passage 52. Simi-
larly, the portion 34 of the suture 36 1s moved upward (as
viewed in FIG. 13) through the passage 54, downward around
the left projection 68, across the lower (as viewed 1n FI1G. 13)
end of the center projection 72 upward around the outside of
the right projection 66. The loop would then be moved across
the upper end portion of the center projection 72 and down-
ward (as viewed 1n FIG. 13) for a second time across the
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outside of the left projection 68. The portion 34 of the suture
36 would then again be moved upward through the passage
54.

Embodiment of FIGS. 14-16

In the embodiment of the retainer 1llustrated in FIGS. 1-8,
the retainer 30 has a center projection 72 which cooperates
with the right and lett projections 66 and 68 to form the two
clongated passages through which the portions 32 and 34 of
the suture are moved 1n opposite directions. In the embodi-
ment of the invention illustrated in FIGS. 14-16, the center
projection on the retainer 1s omitted. Since the embodiment of
the invention 1llustrated 1n FIGS. 14-16 1s generally simailar to
the embodiment of the invention illustrated in FIGS. 1-8,
similar numerals will be utilized to 1dentily similar compo-
nents, the suffix “a” being associated with the numerals of
FIGS. 14-16 to avoid confusion.

A retainer 30a includes a lower section 46a and an upper
section 48a. The lower section 464 has a pair of recesses 38a
and 60a. The recesses 38a and 60a have the configuration as
the recesses 38 and 60 of FIGS. 1-8. Right and leit projections
66a and 68a extend downward (as viewed 1n FIG. 14) from
the upper section 48a 1nto the recesses 38a and 60a 1n the
lower section 60a. There 1s an 1nterference fit between the
projections 66a and 68a and the recesses 38a and 604 to hold
the upper section 48a 1n a desired spatial relationship with the
lower section 46a of the retainer 30q. In the embodiment of
the invention illustrated m FIG. 15, the portions 32q and 34a
of the suture 364 are disposed 1n a side-by-side relationship 1n
a single passage 240 (FIG. 14) which extends between pro-
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When the retainer 30a 1s gripped by the applicator assem-
bly 172 with a constant predetermined force, end portions
124a and 1264 (F1G. 14) of the projections 66a and 68a are
pressed against bottom surfaces of the recesses 58a and 60a 1n
the manner previously described in conjunction with the
embodiment of the mvention illustrated in FIGS. 1-8. The
projections 66a and 68a have the same configuration as the
projections 66 and 68 of FIGS. 3-7. Therefore, there 1s line
contact between the tapered end portions 124aq and 126a of
the projections 66a and 68a and the tlat bottom surfaces of the
recesses 38a and 60a.

The portions 32a and 34a of the suture 36q are 1nserted 1n
opposite directions through the passage 240 formed between
the lower section 46a and upper section 48a of the retainer
30a. The retainer 30a 1s slid along the suture 364 to a desired
position relative to body tissue while the retainer 1s gripped
with a constant predetermined force by the applicator assem-
bly 172. If desired, the retainer 30a may be manually gripped
and slid along the portions 32a and 34a of the suture 36a.

I1 the retainer 30a 1s manually positioned relative to body
tissue, a suitable source of energy will have to be provided to
elfect heating of the retainer. This source of energy may have
any one of the constructions disclosed in U.S. Pat. Nos. 3,513,
848 and 6,368,343. Alternatively, the source of energy may
have a known construction and be a source of thermal 1n light
(laser) energy.

Assuming that the applicator assembly 172 1s utilized to
position the retainer 30, when the foot pedal actuated switch
214 (F1G. 9) 1s closed, ultrasonic vibratory energy is trans-
mitted from the source 212 through the energy transmission
member 174 to the retainer 30a (FIG. 14). The tapered end
portions 124a and 126a of the projections 66a and 68a func-
tion as energy directors and concentrate the ultrasonic vibra-
tory energy from the source 212. As this occurs, the end
portions 124a and 1264 of the projections 66a and 68a are
softened and deformed under the influence of the constant
predetermined force applied against the retainer 30a by the
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applicator assembly 172 As this occurs, the distance between
the lower section 46a and upper section 484 1s decreased and
the portions 32aq and 34a of the suture 36a are gripped
between tlat gripper surfaces 242 and 244 formed on the
upper section 48a and lower section 46a of the retainer 30a.

In FIG. 15, the portions 32a and 34a of the suture 36a
extend straight through the passage 1n opposite directions. In
the embodiment 1llustrated in FIG. 16, the portions 32a and
34a of the suture are looped around the projections 66a and
68a 1n the same manner as previously described 1n conjunc-
tion with FIG. 13. This results 1n the formation of loops 2304
and 232a around the projections 66a and 68a. By wrapping
the portions 32a and 34a of the suture 36a around the projec-
tions 66a and 68a, the portions 32a and 34a are positioned in
the passage 240 at locations equal distances from the center of
the retainer 30q. This mimimizes any movement resulting
from forces applied to the retainer 30a by the suture 364 and
increases the stability of the retainer on the body tissue.

In the embodiment of the invention illustrated in FIGS. 1-8
and 14-16, the lower section 46 1s provided with recesses 58
and 60. However, 1t 1s contemplated that the recesses 58 and
60 may be omitted if desired. I1 the recesses 38 and 60 are
omitted, the projections 66 and 68 (F1GS. 7 and 8) will engage
a tlat upper side surface on the base section 46. With this
construction, the pointed end portions 124a and 126a (FIG.
14) of the projections 66a and 68a will engage a flat surface
244 on the base section 46a.

When the recesses 38 and 60 are omitted, 1t may be desired
to provide other structure to maintain the lower and upper
sections 46 and 48 of the retainer 1n a desired spatial relation-
ship during insertion of the suture 36 into a passage 24 or
passages 52 and 54. For example, the center projection 72
(FIG. 3) may extend into an opening through the upper sec-
tion 48. An interference fit may be provided between the
center projection and the opening in the upper section 48.
Alternatively, a guide surface connected with the lower sec-
tion 46 of the retainer may engage a guide surface on the
upper section 48.

Embodiment of FIG. 17

In the embodiments of the invention illustrated in FIGS.
1-8 and 14-16, a plurality of projections from the upper sec-
tion 48 engage recesses 1n the lower section 46. In the
embodiment of the 1llustrated in FIG. 17, a single projection
from the upper section engages an upper side of the lower
section. Since the embodiment of the invention illustrated 1n
FIG. 17 1s generally similar to the embodiments of the mnven-
tion 1llustrated 1n FIGS. 1-8 and 14-16, similar numerals will
be utilized to identify similar components, the suffix letter “b™
being added to the numerals of FIG. 17 to avoid confusion.

A retainer 305 includes a lower or base section 465 and an
upper or cover section 48b. A right passage 2350 and a left
passage 252 are formed 1n the lower section 465. Similarly, a
right passage 256 and a left passage 258 are formed 1n the
upper section 485. A suture 365 extends through the passages
250,252,256 and 258 1n the lower and upper sections 465 and
485 of the retainer 305. The suture 365 includes end portions
32H and 34H which are interconnected by an intermediate
portion 38b. The intermediate portion 385 of the suture 365
extends around body tissue 1n much the same manner as 1s
illustrated schematically 1n FIG. 1 for the suture 36.

A single projection 262 extends from the upper section 485
of the retainer 305. The projection 262 1s ofiset to one side of
the suture 36b. The projection 262 has a pointed end portion
264 which 1s engagable with a flat upper side surface 266 on
the lower portion 465 of the retainer 30b. The pointed end
portion 264 of the projection 262 has the same general con-
figuration as the pointed end portions 124 and 126 of the

20

projections 66 and 68 1n FIG. 7. However, the pointed end
portion 264 of the projection 262 may have a conical configu-
ration 11 desired.

If desired, a pair of projections, corresponding to the pro-

> jections 66 and 68, may be provided. If this is done, one of the
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projections would be offset from the suture 365 1n a direction
into the page on which FIG. 17 1s disposed and the other
projection would be offset from the suture 365 1n a direction
out of the page on which FIG. 17 1s disposed. This would

result 1n a passage being formed between the two projections
so that the portions 3256 and 3456 of the suture 365 would both
extend through a passage between the projections.

When the suture 3656 and retainer 305 are to be connected
with body tissue, the suture may be positioned relative to the
body tissue 1n the manner previously described in conjunction
with 1n the embodiment of the invention 1llustrated 1n FIGS.
1-8. As was previously mentioned, this may be done using
minimally 1vasive surgical techniques. The suture 360 may
be moved into a patient’s body through a cannula and posi-
tioned relative to tissue 1n the patient’s body. The end portions
326 and 34b of the suture may extend through the cannula and
be accessible to a surgeon.

The portion 325 of the suture 365 1s mserted through the
nonlinear passage 250 1n the lower section 465 and through
the nonlinear passage 2358 1n the upper section 4856 of the
retainer 3056. The portion 345 of the suture 1s inserted through
the nonlinear passage 252 in the lower portion 465 and
through the nonlinear passage 256 in the upper portion 485, in
the manner indicated schematically in FIG. 17. The lower
section 4656 and upper section 480 are then gripped by an
applicator assembly which may have the same construction as
the applicator assembly 172 of FIGS. 9-12.

While the retainer 305 1s gripped with a constant predeter-
mined force by the applicator assembly 172, the surgeon grips
the applicator assembly with one hand and the portions 3256
and 34b of the suture 365 with the other hand. The retainer
306 1s then slid along the suture 365 toward the body tissue
around which the intermediate portion 385 of the suture
extends. As this occurs, the end portion (FIG. 12) of the
applicator assembly 172 moves through the cannula and
slides the retainer 306 along the suture 365 to a position that
1s engagement with the body tissue, that 1s, to a position
similar to that in FIG. 1 {for the retainer 30. While the retainer
306 1s being slid along the suture 365, the applicator assembly
grips the retainer with a constant predetermined force.

If desired, the retainer 305 may be positioned relative to the
suture 365 and body tissue 1 a way other than use of the
applicator assembly 172. For example, the retainer 306 may
be gripped by one hand of a surgeon and the portions 325 and
34b of the suture gripped and tensioned with the other hand.
The manual application of force to the retamner 306 would
slide the retainer along the suture 365.

Once the retainer 306 has been positioned relative to the
body tissue and the suture 365 1s tensioned with a desired
force, energy 1s conducted from a source of energy, similar to
the energy source 212 of FIG. 9, to the energy transmission
member 174 and the retainer 305. It 1s contemplated that
many different types of energy could be transmitted to the
retainer 306. For example, radio frequency, ultrasonic, heat,
or light energy may be transmitted to the retainer 305 through
an energy transmission member. In the embodiment of the
applicator assembly 172 illustrated in FIGS. 9-12, ultrasonic
vibratory energy 1s conducted to the retainer 305 through the
energy transmission member 174 while the applicator assem-
bly 172 grips the retainer 305 with a constant predetermined
force.




US 8,162,977 B2

21

The projection 262 functions as an energy director which
concentrates energy applied to the upper section 48 of the
retainer 306 by the end surface 206 of the energy transmission
member 174 (FI1G. 9). The concentrated ultrasonic vibratory
energy transmitted from the energy transmission member 174
heats the maternial of the projection 262 (FIG. 17) and the
material of the base section 465 engaged by the projection
into its transition temperature range. As this occurs, there 1s a
softening and deforming of the material of the projection 262.

A flat lower side surface 270 on the upper portion 486 of the
retainer 306 and the flat upper side surface 266 of the lower
portion 465 of the retainer move 1nto engagement with each
other. Material of the retainer 305 tends to flow into the
passages 250,252, 256 and 258 formed 1n the lower and upper
sections 465 and 485 of the retainer 3056. The portions 325 and
34bH of the suture 365 are firmly clamped between the side
surfaces 266 and 270 on the lower section 465 and upper
section 48b of the retainer 30b.

As the matenal of the retainer 3056 cools and the applicator
assembly 172 1s disengaged from the retainer, there may be a
limited amount of bonding of the material of the retainer 3056
to the portions 326 and 345b of the suture 36b. Although the
suture 365 1s, to some extent, deformed by force transmitted
between the side surfaces 266 and 270 on the lower section
465 and upper section 48 of the retainer 305, in the manner
illustrated schematically 1n FIG. 8 for the suture 36, the defor-
mation of the suture does not weaken the suture.

It 1s contemplated that the sections 465 and 485 of the
retainer 305 may be made of many different polymeric mate-
rials. The sections 465 and 486 of the retamner 306 may be
formed of polymers or copolymers. It 1s contemplated that the
retainer 306 may be formed of biodegradable or nonbiode-
gradable materials. In one specific instance, the retainer was
made from Poly-L-lactic acid (PLLA) which 1s a resorbable
polymer.

The suture 366 may be formed by a single filament or a
plurality of filaments. The suture 360 may be formed of
biodegradable or nonbiodegradable material. It 1s contem-
plated that 1t may be desired to form the suture 365 of the same
material as the retainer 305. However, the retainer 306 and
suture 365 may be formed of different materials.

Although the foregoing description 1n the manner 1n which
the retainer 305 and 365 are positioned relative to body tissue
have been 1n conjunction with manual positioning of the
applicator assembly 172 by a surgeon, 1t 1s contemplated that
a robotic mechanism may be utilized to position the retainer
306 and/or suture 365 relative to body tissue. Thus, a robotic
mechanism may be utilize in association with the retainer 305
and/or suture 365 1n the manner described 1n the aforemen-

tioned U.S. patent application Ser. No. 10/102,413 filed Mar.
20, 2002 by Peter M. Bonutt1 and entitled Methods of Secur-
ing Body Tissue. It 1s contemplated that imaging apparatus
may be utilized 1n association with the positioning of the
retainer 306 and/or suture 365 1n the manner disclosed in the

aforementioned U.S. patent application Ser. No. 10/102.,4 1 3
filed Mar. 20, 2002 by Peter M. Bonutt.

Embodiment of FIG. 18

In the embodiment of the invention 1llustrated in FIG. 18,
one of the sections of the retainer has a recess which recetves
the other section of the retainer. Since the embodiment of the
invention illustrated i FIG. 18 1s generally similar to the
embodiments of the invention illustrated 1n FIGS. 1-8, and
14-17, similar numerals will be utilized to designate similar
components, the sullix letter “c” being associated with the
numerals of FIG. 18 to avoid confusion.

A retainer 30c¢ (FIG. 18) includes a lower or base section
46¢ and an upper or cover section 48c. A suture 36c¢ has
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portions 32¢ and 34¢ which extend through the retainer 30c.
An intermediate portion 38¢ of the suture may extend around
body tissue 1n the manner disclosed 1n FIG. 1. Of course, the
suture 36¢ may be connected with either hard or soft body
tissue 1n any desired manner.

The lower section 46¢ of the retainer 30¢ has a cylindrical
recess 274 which 1s sized so as to receive the circular upper
section 48c¢ of the retainer 30c. The lower section 46¢ of the
retainer has passages 278 and 280 through which the portion
32¢ of the suture 36¢ extends. In addition, the lower section
46¢ of the retainer 30c has passages 282 and 284 through
which the portion 34¢ of the suture 36¢ extends. The recess
274 cooperates with the passages 278,280, 282 and 284 to
form a central passage through which both portions 32¢ and
34c of the suture extend.

A pair of projections 288 and 290 extend from the upper
section 48c¢ of the retainer 30¢ toward the lower section 46¢ of
the retainer. The projections 288 and 290 have pointed end
portions 292 and 294 which function as energy directors and
concentrate ultrasonic vibratory energy transmitted from the
applicator assembly 172 (FIG. 9) to the upper section 48¢ of
the retainer 30¢. The projections 288 and 290 are offset from
the portions of the suture 36¢. One of the projections, for
example, the projection 288, may be ofiset 1n a direction into
the page on which FIG. 18 1s disposed and the other projec-
tion, that 1s the projection 290, may be offset 1n a direction out
of the page on which FIG. 18 1s disposed.

When the suture 36¢ and retainer 30c¢ are to be utilized 1n

association with body tissue, the suture 36c¢ 1s positioned
relative to the body tissue. The portion 32¢ of the suture 36c¢
1s then moved through the passages 278 and 280 in the lower
section 46c¢ of the retainer 30¢. The portion 34¢ of the suture
36¢ 1s moved through the passages 282 and 284 of the lower
section 46c¢ of the retainer 30c.
The upper section 48¢ of the retainer 30c¢ 1s then positioned
in the recess 274 with the projections 288 and 290 disposed 1n
linear engagement with a flat upwardly facing side surface
298 on the lower section 46¢ of the retainer 30¢. The pointed
ends of the projections 292 and 294 do not engage the suture
36¢ The retainer 30c¢ 1s gripped by the distal end portion (FIG.
12) of the applicator assembly 172. This results 1n the retainer
30c being gripped with a constant predetermined force trans-
mitted to the retainer 30c¢ from the biasing spring 180 (FI1G. 9)
through the force transmitting member 176.

While the surgeon grips the handle 194 of the applicator
assembly 172 with one hand and grips the portions 32¢ and
34¢ of the suture 36¢ with the other hand, the retainer 30¢ and
leading end portion of the applicator assembly 172 are moved
toward the body tissue. As this occurs, the retainer 30c¢ 1s slid
along the portions 32¢ and 34c¢ of the suture 36¢. While the
retainer 30c¢ 1s slid along the suture 36c¢, the retainer 1s gripped
with a constant predetermined force by the applicator assem-
bly 172.

When the retainer 30c¢ 1s positioned 1n a desired location
relative to the suture 36¢ and body tissue, energy 1s transmit-
ted from the applicator assembly 172 to the retainer 30c¢ to
interconnect the lower section 46¢ and upper section 48¢ of
the retainer 30c. During the transmission of energy to the
retainer 30c¢ to interconnect the lower section 46¢ and upper
section 48¢ of the retainer, the applicator assembly 172
applies a constant predetermined clamping or gripping force
to the retainer 30c¢. Ultrasonic vibratory energy is transmitted
from the end surface 206 on the energy transmission member
174 to the upper section 48c¢ of the retainer 30c¢. The pointed
end portions 292 and 294 of the projections 288 and 290
engage the tlat side surface 298 on the lower section 46¢ of the
retainer. The pointed end portions 292 and 294 of the projec-
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tion 288 act as energy directors which concentrate energy at
the pointed end portions of the projections and at the portion
of the surface 298 and engaged by the projections.

This energy heats the projections 288 and 290 and portions
of the lower section 46¢ 1nto a transition temperature range.
As this occurs, the material of the projections 288 and 290
soltens and flows relative to the suture 36¢ and lower and
upper sections 46¢ and 48c¢ of the retainer 30¢. The lower and
upper sections 46¢ and 48¢ of the retainer 30¢ are clamped
together with a constant predetermined force by the applica-
tor assembly 172 as the material of the projections 288 and
290 1s heated. The lower and upper sections 46¢ and 48¢ of the
retainer 30c grip the suture 36¢ with a clamping action.

Material of the retainer 36c¢ 1s subsequently allowed to cool
and the trigger 198 on the applicator assembly 172 1s actuated
to release retainer 30c. As the material of the retainer 30c¢
cools, the lower section 46¢ and upper section 48¢ of the
retainer are bonded together. In addition, there 1s some bond-
ing ol the material of the retainer 30c¢ to the suture 36¢.
However, the suture 36c¢ 1s primarily secured against move-
ment relative the retainer 30¢ by clamping the portions 32¢
and 34c¢ of the suture 36¢ between the lower section 46¢ and
the upper section 48¢ of the retainer 30c. Although the suture
36¢ 1s slightly deformed, 1n the manner illustrated schemati-
cally 1n FIG. 8, there 1s no significant weakening of the suture
36c.

It 1s contemplated that the suture 36¢ and retainer 30c may
be positioned relative to body tissue during minimally 1nva-
stve surgery. The suture 36¢ and retainer 30¢ may be posi-
tioned relative to the body tissue by being moved through a
cannula. I desired, a robotic mechanmism may be utilized to
position the suture 36¢ and/or retainer 30c¢ relative to the body
tissue.

In the embodiment of the invention illustrated in FIG. 18,
the upper section 48¢ of the retainer 30c¢ 1s separate from the
lower section 46¢ and 1s manually moved into the recess 274
alter the portions 32¢ and 34c¢ of the suture 36¢ have been
positioned 1n the passages 278, 280, 282 and 284. 11 desired,
the upper section 48¢ of the retainer 30c¢ could be connected
with the lower section 46¢. For example, the upper section
48¢ may be positioned 1n the recess 274. An interference {it
may be provided between the lower and upper sections 46¢
and 48c¢ to hold the upper section 1n the recess 274. Alterna-
tively, one or more flexible connectors may be used to inter-
connect the lower and upper sections. The connector may be
a tlexible strap. I desired, the connector may be weak sec-
tions which are easily broken as the upper section 48¢ moves
into the recess 274.

Embodiment of FIG. 19

In the embodiments of the invention illustrated 1n FIGS.
1-8 and 14-18, the suture 36 extends through passages 1n the
retainer 30 and 1s clamped in place. In the embodiment of the
invention illustrated 1n FIG. 19, the suture extends through
passages 1n the retainer and 1s wrapped around a portion of the
retainer, 1in a manner similar to that previously described in
conjunction with the embodiment of the invention illustrated
in F1G. 13, prior to being clamped in place by interconnecting
of the lower and upper sections of the retainer. Since the
embodiment of the mvention i1llustrated in FIG. 19 15 gener-
ally similar to the embodiments of the invention 1llustrated 1n
FIGS. 1-8 and 14-18, similar numerals will be utilized to
indicate similar components, the suilix letter “d” being asso-
ciated with the numerals of FIG. 19 to avoid confusion.

A retainer 304 1s associated with a suture 36d. The retainer
304 has a lower section 464 and an upper section 484. The
suture 364 has a portion 324 and a portion 344 which extend
through the retainer 30d. An intermediate portion 384 of the
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suture 364 extends between the portions 324 and 344 of the
suture and may extend around body tissue in the manner
illustrated schematically for the suture 36 in FIG. 1.

The lower section 464 of the retainer 304 has a cylindrical
central projection or post 310. The portion 324 of the suture
36d extends through a passage 314 1n the lower section 464 of
the retainer 304 and 1s looped for a plurality of turns around
the central projection 310. The portion 324 of the suture 364
extends from the loops around the central projection 310
through a passage 316 1n the upper section 484 of the retainer
30d4. Similarly, the portion 34d of the suture 364 extends
through a passage 320 in the lower section 464 and 1s wrapped
for a plurality of loops around the central projection 310. The
portion 34d of the suture 364 extends from the central pro-
jection 310 through a passage 322 1n the upper section 484 of
the retainer 30d.

Projections 324 and 326 extend downward (as viewed 1n
FIG. 19) from the upper section 484 toward a flat upper side
surface 330 on the lower section 46d. The projections 324 and
326 arec oifset from the central projection 310 and from the
openings 314 and 320 1n the lower section 46d. Although only
two projections 324 and 326 are illustrated 1n FIG. 19, a
greater number of projections may be provided 1f desired.

The suture 364 1s positioned relative to body tissue 1n the
same manner as 1s illustrated schematically for the suture 36
in FIG. 1. This may be done during arthroscopic or lapro-
scopic surgery. To mimimize the size of an incision 1n a
patient’s body, the suture may be moved through a cannula
into the patient’s body and positioned relative to hard and/or
soit body tissue. The portions 324 and 344 of the suture may
extend from the cannula and be readily accessible to a sur-
geon.

The portion 324 of the suture 1s mserted through the pas-
sage 314 and wrapped for a plurality of turns around the
central projection 310. The portion 34d of the suture is
inserted through the passage 320 and 1s also wrapped for a
plurality of turns around the central projection 310. The por-
tion 34d of the suture 1s mnserted through the passage 322 in
the upper section 484 of the retainer 30d. The portion 324 of
the suture 36d 1s inserted through the passage 316 in the upper
section 484 of the retainer 304,

The upper section 484 of the retainer 304 1s moved along,
the portions 324 and 344 of the suture until the projections
324 and 326 from the upper section 484 of the retainer 304
engage the flat upper side surface 330 of the lower section 464
of the retainer. As this occurs, the central projection 310
enters a cylindrical opening 334 1n the upper section 484 of
the retainer 304. As the central projection 310 is telescopi-
cally inserted into the opening 334, the turns of the portions
324 and 34d of the suture 364 are disposed around the central
projection move downward (as viewed 1n FI1G. 19) toward the
flat surface 330 on the lower section 464 of the retainer 30d.

The projections 324 and 326 are offset from the portions
324 and 34d of the suture 364. The pointed projections 324
and 326 engage the flat surtace 330 on the lower section 464
of the retainer 30d. The projections 324 and 326 are spaced
from the suture 364 and prevent the suture from being gripped
between the lower section 464 and upper section 484 of the
retainer 304,

The retainer 304 1s then gripped by the distal end portion of
the applicator assembly 172 (FIG. 12). The applicator assem-
bly 172 grips the retainer 304 with a constant force which 1s
determined by the spring 180 (F1G. 9).

While the retainer 304 1s gripped by the applicator assem-
bly 172, the retainer 1s slid along the portions 324 and 344
(F1G. 19) of the suture 364 toward the body tissue. As this

occurs, the distal end portion of the applicator assembly 172
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and the retainer 304 may be moved through a cannula or
through an open incision. Regardless of whether or not the
retainer 304 1s moved through a cannula, the retainer 1s posi-
tioned 1n engagement with body tissue, similar to the body
tissue of 40 of FIG. 1, while the retainer 1s gripped with the
predetermined constant force by the applicator assembly 172.

Once the retainer 304 has been positioned relative to the
body tissue, the portions 324 and 34d of the suture 364 are
tensioned with a predetermined force. While the suture 36d 1s
tensioned with a predetermined force, ultrasonic vibratory
energy 1s transmitted from a source of energy, corresponding
to the energy source 212 of FIG. 9, to the retainer 30d. The
energy 1s transmitted to the retainer 304 through the energy
transmission member 174. The energy transmitted to the
retainer 304 heats the projections 324 and 326 and the mate-
rial of the lower section 464 of the retainer engaged by the
projections.

The projections 324 and 326 have a pointed configuration
and function as energy directors which concentrate the energy
transmitted from the source 212. This results in heating of the
projections 324 and 326 and a portion of the lower section 464
of the retainer 304 engaged by the projections to temperatures
in the transition temperature range of the material of the
retainer 30d. As this occurs, the lower and upper sections 46d
and 48d of the retainer 304 are moved together under the
influence of the constant predetermined force applied against
the retainer by the applicator assembly 172. Thisresults in the
loops of the suture disposed around the central projection 310
being firmly gripped between the flat upper side surface 330
ol the lower section 464 of the retainer and a flat lower side
surface 338 on the upper section 484 of the retainer.

The trigger 198 on the applicator assembly 172 1s then
manually actuated to release the retainer 304d. As this occurs,
the retainer 304 cools. A secure bond 1s formed between the
lower section 464 and upper section 484 of the retainer at the
locations where the projections 324 and 326 from the upper
section 484 of the retainer engage the lower section 464 of the
retainer. A robotic mechanism may be utilized to position the
suture 364 and/or retainer 304 relative to body tissue.

It 1s contemplated that the retainer 304 and suture 364 may
be formed of either biodegradable or nonbiodegradable mate-
rial. The retainer 304 and suture 364 may be formed of the
same materials or of different matenials. For example, the
suture 364 could be formed of a biodegradable material while
the retainer 304 1s formed of a nonbiodegradable material.
Alternatively, both the suture 364 and retainer 304 may be
formed of a biodegradable matenal.

Embodiment of FIGS. 20 and 21

In the embodiment of the invention illustrated in FIGS. 20
and 21, a suture 1s clamped between and held by sections of a
retainer. Since the embodiment of the mvention 1llustrated in
FIGS. 20 and 21 1s generally similar to the embodiments of
the invention illustrated in FIGS. 1-8 and 13-19, similar
numerals will be utilized to designate similar components, the
sullix letter “e” being associated with the numerals of FIGS.
20 and 21 to avoid confusion.

A retainer 30e includes lower and upper sections 46¢ and
48¢. A suture 36¢ (FI1G. 20) has portions 32¢ and 34e which
extend through the retainer 30e. The portions 32e¢ and 34e of
the suture 36¢ are interconnected by an intermediate portion
38¢ of the suture. A loop 230e 1s formed 1n the portion 32¢ of
the suture 36e¢ and extends around part of the lower section
46¢ of the retainer 30e. Similarly, a loop 232e 1s formed 1n the
portion 34e of the suture 36¢ and extends around part of the
lower section 46¢ of the retainer 30e.

The lower section 46¢ of the retainer 30e includes a circular
bottom wall 344 (FIG. 21) having a flat upwardly facing side
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surface 346. A cylindrical side wall 350 extends upward from
the bottom wall 344. The side wall 350 cooperates with the
bottom wall 344 to form a cylindrical recess 274¢ (F1G. 21).
The upper section 48¢ has a circular body 64e¢ which has a
diameter which 1s only slightly greater than an inside diam-
cter cylindrical side wall 350e. This results 1n an interference
{1t between the upper section 48e and lower section 46¢ of the
retainer 30e when the upper section 64e 1s mserted into the
cylindrical recess 274e.

While the upper section 48¢ 1s held in the cylindrical recess
274¢ 1n the lower section 46¢ of the retainer 30e, the portions
32¢ and 34e of the suture 36¢ are inserted through the retainer
30e 1n opposite directions. Thus, the suture 32¢ 1s nserted
through a passage 354 (FIG. 20) 1n the side wall 350 of the
lower section 46¢ of the retainer 30e. The portion 32e of the
suture 1s 1nserted through the recess 274e (FI1G. 21) to a
second passage 356 formed 1n the side wall 350 of the lower
section 46¢ of the retainer.

The suture 1s wrapped around the outside of the side wall
350 and inserted through the passage 354 for a second time.
The end portion 32¢ of the suture 36¢ 1s then moved through
the passage 356¢ 1n the side wall for a second time. This forms
the loop 230e around a portion of the side wall 350 1n the
manner illustrated schematically in FIG. 20.

Similarly, the portion 34e of the suture 36e¢ 1s inserted
through a passage 360 formed 1n the side wall 350 (FIGS. 20
and 21) into the cylindrical recess 274e. The portion 34e of
the suture 1s inserted through the cylindrical recess 274¢ and
through another passage 362 formed 1n the side wall 350 of
the lower section 46¢ of the retainer 30e. The portion 34e of
the suture 36¢ 1s wrapped around the outside of the side wall
350 (FIG. 20) and inserted for a second time through the
passage 360. The portion 34¢ of the suture 1s inserted through
the recess 274e and the opening 362¢ to form the loop 232¢
around the portion of the lower section 46¢ of the retainer 30e.

The upper section 48¢ of the retainer 30e has a plurality of
pointed projections 366 and 368 (FIG. 20). When the upper
section 48e of the retainer 30e 1s disposed 1n the recess 274e,
the projections 366 and 368 are enclosed by the loops 230e
and 232e. The projections 366 and 368 have pointed end
portions with a configuration similar to the configuration of
the pointed end portions 124 and 126 on the projections 66
and 68 of FIGS. 3-7. The end portions of the projections 366
and 368 engage the side surtace 346 on the bottom wall 344
when the upper section 48e¢ 1s disposed 1n the cylindrical
recess 274e. There 1s line contact between the end portions of
the projections 366 and 368 and the surface 346 on the bottom
wall 344. The pointed end portions of the projections 366 and
368 are spaced from the suture 36e.

The upper section 48¢ of the retainer 30e has a second
plurality of projections 374 and 376 (FIGS. 20 and 21). The
projections 374 and 376 have the same configurations as the
projections 366 and 368. The projections 374 and 376 have
pointed end portions 378 and 380 (FIG. 21). The pointed end
portions 378 and 380 on the projections 374 and 376 engage
the flat side surface 346 on the bottom wall 344 when the
upper section 48¢ of the retainer 30e 1s disposed in the cylin-
drical recess 274e. The projections 374 and 376 are disposed
within the loop 332¢ formed 1n the portion 34e of the suture
36¢. The pointed end portions of the projections 374 and 376
are spaced from the suture 36e¢.

When the retainer 30e and suture 36e are to be used to
secure body tissue during a surgical procedure, the interme-
diate portion 38¢ of the suture 1s positioned relative to the
body tissue. At this time, the upper section 48¢ of the retainer
30e 15 disposed in the cylindrical recess 274e 1n the lower
section 46e and the projections 366, 368, 374 and 376 are
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disposed 1n engagement with the side surface 246 of the
bottom wall 344 of the retainer. The upper section 48¢ of the
retainer 30e 1s held 1n the recess 274¢ by an interference fit
between a cylindrical inner side surface of the side wall 350
and an outer side surface of the body 64e of the upper section.

After the mtermediate portion 38e of the suture 36¢ has
been positioned relative to body tissue, the portion 32¢ of the
suture 1s moved downward (as viewed in FIG. 20) through the
passage 354 and along the projections 366 and 368. The
portion 32¢ of the suture 36¢ 1s then moved through the
passage 356 and wrapped around the outside of the retainer
30e. The portion 32¢ of the suture 1s again moved downward
(as viewed 1n FIG. 20) through the passages 354 and 356 to
form the loop 230e.

The portion 34e of the suture 36e 1s 1mserted upward (as
viewed 1n FIG. 20) through the passage 360 and along the
projections 374 and 376. The portion 34e of the suture 1s then
moved through the passage 362 and wrapped around the
outside of the bottom section 46¢ of the retainer 30e. The
portion 34e of the suture 1s again upward (as viewed 1n FIG.
20) through the passages 360 and 362 to form the loop 232e.
When this has been done, the portions 32¢ and 34e of the
suture extend 1n opposite directions from the retainer 30e and
the intermediate portion 38¢ of the suture extends 1n opposite
directions from the retainer.

The retainer 1s then gripped with the distal end portion
(FIG. 12) of the applicator assembly 172. The applicator
assembly 172 grips the retainer 30e with a constant predeter-
mined force.

While the retainer 30e 1s gripped with a constant predeter-
mined force by the applicator assembly 172, a surgeon manu-
ally holds the handle 194 of the applicator assembly 172
(FIGS. 9 and 10) with one hand and tensions the portions 32¢
and 34e of the suture 36e with the other hand. While tension-
ing the suture 36¢, the surgeon slides the retainer 30e along
the suture toward the body tissue. As 1t was previously men-
tioned, this may involve moving of the retainer 30e and the
distal end portion of the applicator assembly 172 through a
cannula to position the retainer relative to the body tissue. A
robotic mechanism may be utilized to position the suture 36¢
and/or retainer 30e relative to body tissue.

When the retainer has been positioned at a desired location
relative to the body tissue 1n the manner similar to the sche-
matic illustration of FIG. 1, energy 1s transmitted from the
energy source 212 through the energy transmission member
174 to the retamner 30e. Although the energy 1s ultrasonic
vibratory energy, 1t 1s contemplated that 1t could be a different
type of energy if desired. For example, radio frequency, light,
or thermal energy could be transmitted to the retainer 30e.

The ultrasonic vibratory energy transmitted to the retainer
30e 1s concentrated by the projections 366, 368, 374 and 376
which function as energy directors. The concentrated energy
heats the projections 366, 368, 374 and 376 and the portion of
the bottom wall 344 of the lower section 46¢ of the retainer
30e engaged by the projections, to a temperature 1n a transi-
tion temperature range for the matenial of the retainer. The
retainer may be formed of a polymeric material which 1s a
polymer or copolymer. The material of the retainer 30e may
be biodegradable or nonbiodegradable.

Asthe projections 374 and 376 arc heated and softened, the
upper section 48¢ of the retainer 1s pressed toward the bottom
wall 344 of the lower section 46¢ of the retainer 30e by the
applicator assembly 172. The force applied against the
retainer 30e 1s effective to cause the softened material of the
projections 366, 368, 374 and 376 to flow 1n the recess 274e.
Asthis occurs, the upper section 48¢ of the retainer 30e moves
toward the bottom wall 344 of the lower section 46¢ of the
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retainer. This results 1n the portions 32¢ and 34e of the suture
36¢ being securely clamped between the lower section 46¢
and upper section 48¢ of the retainer 30e.

When the material of the projections 374 and 376 has
cooled, the lower section 46e and upper section 48¢ of the
retainer are securely bonded together to maintain a secure
orip on the suture 36e. Although there may be some bonding
of the material of the projections 366, 368, 374 and 376 to the
suture 36e¢, there 1s no significant weakening of the suture.
Embodiment of FIG. 22

The retainer of the embodiment of the invention 1llustrated
in FIG. 22 1s generally similar to the retainers of FIGS. 1-8
and 13-21. Numerals similar to the numerals utilized 1n con-

junction with FIGS. 1-8 and 13-21 will be utilized to desig-

nate similar components, the sullix letter “1” being associated
with the numerals of FIG. 22 to avoid confusion.

A retainer 30/'has a lower section 46f and an upper section
48/. A suture 36/ has portions 32/ and 34/ which extend
through the retainer 30f. An intermediate portion 38/ of the
suture 36/ extends between the portions 32/ and 34/ and may
extend around body tissue in the manner 1llustrated schemati-
cally in FIG. 1 for the suture 36.

The portion 3271 of the suture 36/ extends through a passage
384 inthe lower section 461 of the retainer 307. The portion 32f
of the suture extends through a passage 386 formed 1n the
upper section 48/ of the retainer 307. The portion 32/ of the
suture 1s wrapped around a portion 390 of the upper section
48/ of the retainer 30f. The portion 32f of the suture 1s again
inserted through the passage 386 to form a loop 230/ around
the portion 390 of the upper section 48/ of the retainer 30/

Similarly, the portion 34f of the suture 367 extends through
a passage 394 1n the lower section 467 of the retainer 30f. The
portion 34/ of the suture 367 extends through a passage 396 in
the upper portion 487 of the retainer 30/. The portion 34f of the
suture 36/ 1s wrapped around a portion 398 of the upper
section 48/ of the retainer 30/ to form a loop 232/

Projection 400 extends from the upper section 48/ of the
retainer 30/. The projection 400 1s engagable with a tlat upper
side surface 402 of the lower section 46/ of the retainer 30f.
The projection 400 has a pointed end portion which functions
as an energy director which concentrates energy.

When the retainer 30/ and suture 36/ are utilized to secure
body tissue, in a manner similar to that manner 1llustrated
schematically in FI1G. 1, the suture 361 1s positioned relative to
the body tissue with the intermediate portion 38/ of the suture
in engagement with the body tissue. The portion 32/ of the
suture 1s 1nserted through the passages 384 and 386 1n the
lower and upper sections 46f and 48/ of the retainer 30f. The
portion 32f of the suture 1s then wrapped around the portion
390 of the upper section 48/ of the retainer 30f and again
inserted through the passage 386.

The portion 34/ of the suture 36/ 1s mserted through the
passage 394 in the lower section 46f of the retainer 307 and
through the passage 396 in the upper section 48/ of the
retainer. The portion 34/ of the suture 36/ 1s wrapped around
the portion 398 of the upper section 48f of the retainer 30f and
again inserted through the passage 396.

The retainer 401 1s then gripped by the distal end portion
(F1G. 12) of the applicator assembly 172 (FIGS. 9 and 10).
This results 1n the projection 400 being pressed against the
upper side surface 402 of the lower section 461 of the retainer
30/ with a predetermined constant force. While the retainer
30/ 1s gripped by the distal end portion of the applicator
assembly 172, a surgeon grips the portions 32f and 34/ of the
suture 36/ with one hand and grips the handle 194 of the
applicator assembly 172 with the other hand. While tension-
ing the portions 32/ and 34/, the surgeon slides the retainer 30f
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along the suture 36/ toward the body tissue. As it was previ-
ously mentioned, this may mvolve moving both the retainer
307 and the distal end portion of the applicator assembly 172
through a cannula.

A robotic mechanism may be utilized to position the suture 5
36/ and/or retainer 30f relative to body tissue. Alternatively,
the suture 36/ and/or retainer 30f may be manually positioned
relative to the body tissue.

Once the retainer 30/ has been positioned relative to body
tissue, energy 1s transmitted from a source 212 (FIG. 9)
through the energy transmission member 174 to the retainer
307. The pointed projection 400 functions as energy director
and 1s eflective to concentrate the ultrasonic vibratory energy
in the projection 400 and in the portion of the lower section
48/ of the retamner 30f engaged by the projection 400. The
energy transmitted to the retainer 30/ 1s effective to heat the
projection 400 and the portion of the lower section 46f of the
retainer engaged by the projection, into the transition tem-
perature range for the material of the retainer 307,

Once the material of the retainer 30f has been heat soft-
ened, the material can flow under the influence of the constant
predetermined force with which the applicator assembly 172
orips the retainer 30f. This results 1n deformation of the pro-
jection 400 and movement of the lower and upper sections 46/
and 48/ of the retainer 30/ together to clamp the portions 32f 25
and 341 of the suture 36/ between the tlat upper side surface of
the lower section 46/ and tlat lower side surface 404 of the
upper section 48/ of the retainer.

When the material of the retainer 30/ has cooled, the trigger
198 on the applicator assembly 172 1s actuated and the 30
retainer 1s released. The lower and upper sections 46/ and 48/
of the retainer 30f are bonded together and maintain the
clamping action against the portions 32/ and 34/ of the suture
367 to prevent relative movement between the retainer 30fand
the suture 36.

Although only a single projection 400 has been illustrated
schematically 1n FIG. 22, it should be understood that a plu-
rality of projections may be provided. This would result in
bonds being formed between the lower and upper section 46/
and 48f of the retainer 30/ at each of a plurality of projections. 40
Embodiment of FIG. 23

The embodiment of the invention illustrated 1n FIG. 23 1s
generally similar to the embodiments of FIGS. 1-8 and 13-22.
Therefore, stmilar numerals will be utilized to designate simi-
lar components, the suilix letter “g” being associated with the
numerals of FIG. 23 to avoid confusion.

A retainer 30g includes a lower section 46g and an upper
section 48¢. The retainer 30g may be formed of a polymeric
material which 1s either a polymer or copolymer. The retainer
30g may be biodegradable or nonbiodegradable.

A suture 36g has a portion 32g which extends through the
retainer 30g and a portion 34g which also extends through the
retainer. The suture 36g may be formed of a plurality of
filaments or a single filament. The suture 36¢ 1s formed of a
polymeric material which 1s either a polymer or a copolymer. 55
The suture 36g may be formed of a material which biodegrad-
able or of a material which 1s nonbiodegradable. The retainer
30¢g and suture 36g may be formed of the same material or of
different materials.

When the retainer 30g and suture 36g are to be used to 60
secure body tissue, 1n a manner similar to the manner 1llus-
trated schematically in FIG. 1, an intermediate portion 38g of
the suture 1s positioned around body tissue. The portions 32¢g
and 34g of the suture 36g are then positioned relative to the
lower and upper sections 46g and 48¢ of the retainer 30g.

When this 1s to be done, a portion 32¢g of the suture 36g 1s
inserted through a passage 410 in the lower section 46g of the
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retainer 30g. The portion 32¢g of the suture 36g 1s wrapped
around a portion 412 of the lower section 46g of the retainer
30g. The portion 32g of the suture 1s then inserted through the
passage 410 for a second time forms a loop 230g around the
portion 412 of the lower section 46g of the retainer 30g. The
portion 32g of the suture 36¢ 1s then 1nserted through a pas-
sage 414 1n the upper section 48¢g of the retainer 30g.

Similarly, the portion 34g of the suture 36¢g is inserted
through a passage 420 in the lower section 46¢ of the retainer
30g. The portion 34¢ of the suture 36g 1s then wrapped around
the portion 422 of the lower section 46g to form a loop 232¢.
The portion 34¢g of the suture 36¢ 1s then inserted through the
passage 420 for a second time. The portion 34g of the suture
36¢ 1s then 1inserted through a passage 426 1n the upper section
48¢ of the retainer 30g.

The sections 46g and 48g of the retainer 30g are then
moved together. As this occurs, a projection 400¢g from the
upper section 48g moves 1nto engagement with a flat upper
side surface 402¢g on the lower section 46g of the retainer 30g.
The retainer 30g 1s then gripped with the distal end portion
(FIG. 12) of the applicator assembly 172. The applicator
assembly 172 grips the retainer 30g with a constant predeter-
mined force.

When the retainer 30g and suture 36¢g are to be utilized to
secure body tissue, in the manner similar to that illustrated
schematically in FIG. 1, the suture 36g 1s positioned with the
intermediate portion 38¢ of the suture extending around the
body tissue. The portions 32g and 34¢ of the suture 36g are
positioned relative to the upper and lower sections 46¢ and
48¢ 1n the manner previously described and illustrated sche-
matically i FIG. 23.

While the surgeon grips the handle 194 of the applicator
assembly 172 with one hand and grips the portions 32g and
349 of the suture 36g with the other hand, the retainer 30g 1s
slid along the suture toward the body tissue. As the retainer
30g 1s slid along the suture 36g toward the body tissue, the
retainer 1s gripped with a constant predetermined force by the
applicator assembly 172. When the retainer 30g has been
moved to a desired position relative to the body tissue, energy
1s transmitted from the source 212 to the energy transmission
member 174. Although many different types of energy may
be utilized, the energy transmitted to the retainer 30g from the
energy transmission member 174 1s ultrasonic vibratory
energy.

The projection 40g has a pointed configuration and func-
tions as an energy director which concentrates the ultrasonic
vibratory energy transmitted from the energy transmission
member 174 to the retainer 30g. The projection 400g and the
material of the lower section 46g engaged by the projection
are heated into their transition temperature ranges. Heating of
the materials of the projection 400g 1nto its transition tem-
perature range enables the material to tflow under the ntlu-
ence of the constant predetermined force applied against the
retainer 30g by the applicator assembly 172. This results in
the suture 36¢ being firmly clamped between the flat upper
side surface 402¢g of the lower section 46g and a flat lower side
surface 404 g of the upper section 48¢ of the retainer 30g. The
material of the projection 400g bonds to the matenial of the
lower section 46g of the retainer 30g. This results 1n the
clamping force applied against the suture 36g by the lower
and upper sections 46g and 48¢g of the retainer 30g being
maintained.

Although only a single projection 400g has been 1llustrated
schematically 1n FIG. 23, it 1s contemplated that a plurality of
projections may be provided. Each of the projections from the
upper section 48g of the retainer 30g would engage the upper
side surface 402¢ of the lower section 46¢ of the retainer. This
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would result in a plurality of bonds being formed between the
lower section 46g and upper section 48¢ of the retainer.
Embodiment of FIG. 24

It 1s contemplated that the applicator assembly 172 (FIGS.
9-12) may be utilized to position any one of the retainers of
FIGS. 1-8 and 13-23 relative to body tissue 40. The applicator
assembly 172 1s operable to bond upper and lower sections of
any one of the retainers disclosed herein together to maintain
a secure grip on portions 32 and 34 of the sutures 36. It should
be understood that the applicator assembly 172 may be used
with retainers other than the retainers disclosed herein.

In the embodiment of FIG. 24, the applicator assembly
172, retainer 30 and suture 36 have been illustrated 1n asso-
ciated with a cannula 450. It should be understood that the
applicator assembly 172, suture 36 and any one of the retain-
ers 30 disclosed herein may be utilized without the cannula
450. However, by using the cannula 450, it 1s believed that
mimmally invasive surgery will be facilitated. Of course, the
suture 36, retainer 30, and applicator assembly 172 may be
utilized during surgical procedures which are not minimally
invasive surgical procedures.

When the cannula 450 1s to be utilized during a surgical
procedure, the cannula 1s moved through body tissue 452 to a
position 1n which a distal end portion 454 of the cannula 450
1s adjacent to the body tissue 40 to be engaged by the suture
36. The proximal end portion 456 of the cannula 450 extends
from the body tissue 452 1n the manner 1llustrated schemati-
cally in FIG. 24. Once the cannula 450 has been positioned
relative to the body tissue 40, the suture 36 1s moved through
the cannula and positioned relative to the body tissue. The
portions 32 and/or 34 of the suture may be moved through the
cannula 450 to position the suture relative to the body tissue.
The portions 32 and/or 34 of the suture are then pulled from
the cannula 450 with the intermediate portion 38 of the suture
engaging the body tissue 40.

The portions 32 and 34 of the suture 36 are then nserted
through one or more passages in the retainer 30. Once the
portions 32 and 34 of the suture have been inserted through
the retamner 30, the retainer 1s gripped by the applicator
assembly 172 1n the manner illustrated schematically in FIG.
24. When the retainer 30 1s gripped by the applicator assem-
bly 172, a constant predetermined force 1s applied against the
retainer 30 by the applicator assembly 172.

A surgeon may then manually grasp the portions 32 and 34
of the suture and tension the suture. At the same time, the
surgeon manually grasps the handle 194 (FIG. 10) on the
applicator assembly 172 and moves the applicator assembly
downward (as viewed 1n FIG. 24) toward the cannula 450. As
this occurs, the retainer 30 slides along the portions 32 and 34
of the suture and approaches the proximal end portion 456 of
the cannula 450.

Continued movement of the applicator assembly 172
toward the body tissue 40 slides the retainer 30 along the
portions 32 and 34 of the suture 36 as the leading end portion
ol the applicator assembly and retainer enter the cannula. The
downward (as viewed 1n FIG. 24) movement of the applicator
assembly 172 and retainer 30 1s continued while tension 1s
maintained in the portions 32 and 34 of the suture 36. This
results 1n the retainer 30 sliding along the portions 32 and 34
of the suture 36 as the retainer 30 1s moved through the
cannula 450 by the applicator assembly 172.

The retainer 30 and leading end portion of the applicator
assembly 172 may be moved through the distal end portion
454 of the cannula 450 and positioned in engagement with the
body tissue 40. Alternatively, the distal end portion 454 of the
cannula may be placed 1n engagement with the body tissue
and the retainer moved into engagement with a surface area of
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the body tissue 40 which 1s surrounded by the distal end
portion 454 of the cannula 450.

Once the retainer 30 has been positioned at a desired loca-
tion relative to the body tissue 40, the portions 32 and 34 of the
suture 36 are tensioned with a desired force. The manner 1n
which the portions 32 and 34 of the suture 36 are tensioned
with a predetermined force may be the same as 1s disclosed in

U.S. Pat. No. 6,139,234 or 1n U.S. patent application Ser. No.
09/556,458 filed May 3, 2000 by Peter M. Bonutt1 and
entitled Method And Apparatus For Securing Tissue. Of
course, a predetermined tension may be established in the
portions 32 and 34 of the suture 36 in a different manner 1t
desired.

While the predetermined tension 1s maintained 1n the por-
tions 32 and 34 of the suture, the switch 214 (FIG. 9) 1s closed
and ultrasonic vibratory energy i1s conducted through the
energy transmission member 174 to the retainer 30. The ultra-
sonic vibratory energy 1s effective to heat pointed end por-
tions of one or more projections on the retainer 30. This
results 1n a bonding between upper and lower sections of the
retainer 1n the manner previously described 1n conjunction
with the retainers of FIGS. 1-8 and 13-23.

The switch 214 1s then released and the flow of ultrasonic
vibratory energy to the retainer 30 1s interrupted. When this
occurs, the retainer cools and an ultrasonic weld 1s formed
between the sections of the retainer. The trigger 198 on the
applicator assembly 172 1s then actuated to move the force
transmitting member 176 axially downward (as viewed in
FIG. 24) to release the retainer 30. When the applicator
assembly 172 has been disengaged from the retainer 30, it 1s
removed from the cannula 450. The end portions 32 and 34 of
the suture 36 may then be cut to a desired length or connected
with other body tissue.

Although 1n the specific embodiment of the invention 1llus-
trated 1n FIG. 24 the suture 36 and retainer 30 are utilized in
association with soft body tissue, 1t 1s contemplated that the
suture 36 and retainer 30 may be used 1n association with hard
body tissue or with both hard and soft body tissue. It 1s
contemplated that the suture 36 may be connected with body
tissue 1n known ways other than the specific way 1llustrated
schematically in FIG. 24. The looping of the suture 36 around
the body tissue 40 1n FI1G. 24 1s merely a representation of any
one of the many known ways of connecting a suture with body
tissue.

Rather than being manually actuated, the applicator assem-
bly 172 may form a portion a robotic mechanism. The robotic
mechanism may be operated to tension the suture 36 with a
desired tension, slide the retamner 30 along the suture, and
transmit energy to the retainer in the manner previously
described 1n conjunction with the applicator assembly 172.
The robotic mechanism may be constructed and used 1n asso-
ciation with imaging devices 1n the same manner disclosed 1n
U.S. patent application Ser. No. 10/102,413 filed Mar. 20,
2002 by Peter M. Bonutti and entitled Methods of Securing
Body Tissue. It 1s contemplated that the cannula 450 may
have any one of many different known constructions, includ-
ing the constructions disclosed 1n U.S. Pat. Nos. 6,338,730
and 6,358,266.

Embodiment of FIG. 25

In the embodiment of the invention illustrated 1in FIG. 12,
the applicator assembly 172 1s provided with a flange 204
which engages a groove 142 1n a retainer 30. In addition, the
distal end portion of the applicator assembly 172 of FIGS.
9-12 1s exposed so that a retainer gripped between the flange
204 and the end surface 206 on the transmission member 174
1s exposed to body fluids. In the embodiment of the invention
illustrated 1n FI1G. 25, the distal end portion of the applicator
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assembly 1s provided with an end plate rather than a flange
and a shield cooperates with the end plate to enclose the
retainer. Since the embodiment of the imnvention 1llustrated in
FIG. 25 1s generally similar to the embodiment of the mnven-
tion 1llustrated in FIGS. 9-12, similar numerals will be uti-
lized to designate similar components, the suflix letter “h”
being associated with the numerals of FIG. 25 to avoid con-

fusion.
An applicator assembly 172/ (FIG. 25) includes a tubular

force transmitting member 176/. The tubular force transmiut-
ting member 176/, extends around and 1s coaxial with an
energy transmission member 174/, The energy transmission
member 174/ has a circular end surface 206/ which 1s eng-
agable with a retainer 30 in a manner similar to that illustrated
in FIG. 24.

The metal end plate 464 1s connected with the force trans-
mitting member 176/%. The metal end plate 464 replaces the
flange 204 of the embodiment of the applicator assembly 172
illustrated in F1GS. 9-12 and 15 effective to apply force against
the lower section of a retainer 30 1n the manner previously
described in conjunction with the retainers of FIGS. 1-8 and
13-23. The end plate 464 climinates the necessity for the
groove 142 1n the lower section 46 of the retainer 30 (FIGS.
3-7). In addition, the end plate 464 provides for a relatively
even distribution of force against the retainer 30 as 1t 1s
clamped between the force transmitting member 176 and
energy transmission member 174 with a constant predeter-
mined force 1n the manner illustrated schematically i FIG.
24. The applicator assembly 172/ has the same general con-
struction and mode of operation as the applicator assembly
172 of FIGS. 9-12.

In accordance with a feature of the embodiment of the
invention illustrated 1in FIG. 25, a flexible shield 468 1s con-
nected with tubular force transmitting member 176. The
shield 468 cooperates with the end plate 464 to enclose a
retainer 30 gripped between the energy transmission member
174 and the end plate. The proximal end portion 470 of the
shield 468 1s fixedly connected to the tubular force transmit-
ting member 176. The distal end portion 472 of the shield 468
1s iree to move relative to the end plate 464 and force trans-
mitting member 176. This provides access to the space
between the end plate 464 and the end surface 206 on the
energy transmission member 174/ to position the retainer 30
between the end plate 464 and the end surface 206/ on the
energy transmission member 1744.

The shield cooperates with the force transmitting member
176/ to enclose the retainer 30. This mimmizes exposure of
the retainer 30 to body tissue and/or body fluids. However, the
flexible material of the shield 468 enables the portions 32 and
34 of the suture 36 to extend from the distal end portion of the
applicator assembly 172.

Conclusion

In view of the foregoing description, 1t 1s apparent that the
present invention relates to a new and improved apparatus and
method for use 1n securing a suture 36. The suture 36 1s
positioned relative to sections 46 and 48 of an improved
retainer 30. The sections 46 and 48 of the retainer 30 are
interconnected when the retainer has been positioned relative
to a patient’s body tissue 40. The sections 46 and 48 of the
retainer 30 may be bonded together by the application of
energy to the retainer by an improved applicator assembly
172.

The improved retainer 30 may have one or more projec-
tions 66 and 68 which engage one or more recesses 58 and 60
to position the sections 46 and 48 of the retainer relative to
cach other. An interference {it may be provided between one
or more projections 66 and 68 and one or more recesses 58
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and 60 to hold the sections 46 and 48 of the retainer 30 1n a
desired spatial relationship. The projections 66 and 68 may
have surfaces 88 and 90 which at least partially define one or
more passages 52 and 54 and guide movement of one or more
portions 32 and 34 of the suture 36 relative 30 to the retainer.
In addition, surfaces on the projections may function to posi-
tion the suture relative to the retainer.

The improved applicator assembly 172 may be used to
apply energy to the retainer 30. Energy applied to the retainer
30 may etlect bonding of end portions 124 and 126 of the
projections 66 and 68 to bottom portions 118 and 120 of
recesses 68 and 60 1n the retainer 30. The end portions 124
and 126 of the projections 58 and 60 may function as energy
directors which concentrate energy. If desired, one or more
loops 230 and 232 may be formed 1n the suture 36 around one
or more of the projections 66 and 68.

The applicator assembly may grip the retainer 30 with a
predetermined force. While the applicator assembly 172 grips
the retainer 30, the applicator assembly may be utilized to
slide the retainer along the suture 36 to position the retainer
relative to body tissue. While the applicator assembly 172 1s
oripping the retainer 30, the applicator assembly may apply
energy to the retainer to effect bonding of sections 46 and 48
of the retainer together. The applicator assembly 172 may be
used to move the retainer 30 1nto a cannula 450 to engage
tissue 1n a patient’s body.

The present invention includes a plurality of different fea-
tures which may be utilized in combination with each other or
separately. The various features of the invention may be used
in combination with features of the prior art. For example, the
improved retainer 30 may be used with the improved appli-
cator assembly 172 or with a prior art applicator assembly. As
another example, the improved applicator assembly 172 may
be used with the improved retainer 30 or a prior art retainer.
As still another example, the retainer 30 may be moved
through a cannula 450 to a desired position relative to body
tissue or may be positioned relative to the body tissue without
being moved through a cannula.

Having described the invention, the following 1s claimed:

1. A method for joiming a first implant and a second
implant, the method comprising;:

positioning the first implant into a body of a patient, the

first implant having an upper surface with at least one
recess or a plurality of pores and a surface feature con-
figured to contact a portion of a lower surface of the
second 1mplant;

positioning the second implant into the body of the patient,

the second implant having a lower surface with a pro-
jection and wherein at least the projection of the second
implant 1s configured to contact at least a portion of the
upper surface of the first implant;

applying ultrasonic energy to the second implant to soften

at least a portion of the projection or the surface feature
at or near a joining region; and

applying a force to the second implant such that at least a

portion of the first or second implant deforms to join the
first and second implants at or near the joining region.

2. The method of claim 1 wherein the projection or the
surface feature includes an energy director configured to con-
centrate the ultrasonic energy.

3. The method of claim 1 wherein the at least a portion of
the projection or the surface feature 1s heated 1nto or above its
transition temperature range.

4. The method of claim 1 wherein the application of the
force 1s mitiated during the application of the ultrasonic
energy.
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5. The method of claim 1 wherein the application of the
force 1s continued after the application of the ultrasonic
energy.

6. The method of claim 1 wherein at least a portion of the
projection or the surface feature tlows after application of the
force 1s mitiated.

7. The method of claim 1 wherein the first implant includes
a groove or a second recess.

8. A method for joining a first implant and a second
implant, the method comprising:

providing a first implant having an upper surface with a

recess or plurality of pores and a surface feature config-
ured to contact a portion of a lower surface of the second
implant;

providing a second implant having a lower surface with a

projection, wherein at least a portion of the second
implant 1s configured to contact at least a portion of the
recess or plurality of pores of the upper surface of the
first implant;

applying ultrasonic energy to the second implant to soften

at least a portion of the projection or the surface feature;
and

applying a force to the second implant such that at least a

portion of the projection or the surface feature deforms
to join the first and second 1mplants.

9. The method of claim 8 wherein the projection or the
surface feature includes an energy director configured to con-
centrate the ultrasonic energy.

10. The method of claim 8 wherein the application of the
force 1s mitiated during the application of the ultrasonic
energy.

11. The method of claim 8 wherein the application of the
force 1s continued aifter the application of the ultrasonic
energy.

12. The method of claim 8 wherein at least a portion of the
projection or the surface feature tlows after application of the
force 1s mitiated.
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13. The method of claim 8 wherein the first implant
includes a groove or a second recess.

14. The method of claim 8 wherein at least a portion of the
projection or the surface feature 1s heated 1nto or above its
transition temperature range.

15. A method for jomning a first implant and a second
implant, the method comprising:

passing the first implant into a body of a patient, the first

implant having an upper surface with at least one recess
or a plurality of pores and a surface feature configured to
contact a portion of a lower surface of the second
implant;

passing the second implant into the body of the patient, the

second implant having a lower surface with a projection,
and wherein the projection of the second implant is
configured to contact at least a portion of the recess or
plurality of pores of the first implant;

applying ultrasonic energy to the second implant to thereby

soiten at least a portion of the projection or the surface
feature at or near a joining region; and

applying a force to the second implant such that the pro-

jection or the surface feature deforms to join the first and
second 1mplants at or near the joining region.

16. The method of claim 15 wherein the projection or the
surface feature includes an energy director configured to con-
centrate the ultrasonic energy.

17. The method of claim 15 wherein the application of the
force 1s mitiated during the application of the ultrasonic
energy.

18. The method of claim 15 wherein the application of the
force 1s continued after the application of the ultrasonic
energy.

19. The method of claim 15 wherein the material of the
projection or the surface feature flows after application of the
force 1s 1nitiated.

20. The method of claim 15 wherein the first implant
includes a groove or a second recess.
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